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Abstract 


Seven  sites  were  investigated  for  contamination  at  McEntire  ANGB  during 
the  Installation  Restoration  Program  (IRP)  Phase  II  Stage  1.  Sites  examined 
included  two  fire  training  areas^Tsites  1  and  2),  a  sanitary  landfill  fsite 
2),  a  liquid  waste  storage  area  (Site  3),  an  oil  dump  site  (Site  4),  a  C-141 
spill  trench(Site  5),  an  unofficial  dump  site  (Site  6),  and  a  drainage  pond/ 
swamp  area  (Bite  7). 

The  Stage  1  field  investigation  involved  the  installation  of  23  ground- 
water  monitoring  wells  and  the  collection  of  numerous  soil,  sediment,  surface 
water,  and  groundwater  samples.  Samples  were  analyzed  for  volatile  organic 
compounds  (VOC) ,  total  organic  halogens  (TOX) ,  total  organic  carbon  (TOC) , 
arsenic  and  trace  metals,  oil  and  grease,  total  phosphorous,  and  nitrates. 
Field  measurements  of  pH,  specific  conductance,  and  temperature  were  also 
made.  Quality  Assurance/Quality  Control  (QA/QC)  sampling  and  analysis,  both 
in  the  field  and  in  the  laboratory,  were  integral  parts  of  this  effort. 

Elevated  levels  for  contaminants  were  identified  at  5  of  the  sites 
investigated.  Contaminants  were  elevated  in  groundwater  at  4  of  the  6  sites 
where  groundwater  was  examined.  Elevated  contaminant  levels  in  soil  and 
sediment  samples  were  found  at  4  of  the  6  sites  where  these  media  were 
sampled.  Two  sites  were  without  contamination  in  the  media  investigated. 
Elevated  contaminant  levels  were  found  but  not  confirmed  at  the  base  water 
supply  well  W-l .  •  .  ,  ...  -  <f  *  c  -  .■  <  I  <  i  •  '  ■ . 

v 

w'  * 

The  Phase  II  Stage  1  investigation  at  McEntire  ANGB  identified  the 
presence  of  contaminants  at  several  sites  but  did  not  determine  the  rate  or 
extent  of  substance  migration.  Further  examination  is  recommended  at  those 
sites  where  contaminant  levels  were  elevated:  Sites  1,  2,  3,  4,  and  6. 
Additional  investigation  is  also  recommended  for  the  base  water  supply  well 
W-l  to  confirm  the  presence  or  absence  of  contaminants  at  the  tap  and  of  the 
water  supply  system. 
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NOTICE 


This  report  has  been  prepared  for  the  United  States  Air  Force 
by  Science  Applications  International  Corporation  of  McLean, 
Virginia,  for  the  purpose  of  aiding  in  the  implementation  of 
the  Air  Force  Installation  Restoration  Program  (AFIRP).  It  is 
not  an  endorsement  of  any  product.  The  views  expressed  herein 
are  those  of  the  contractor  and  do  not  necessarily  reflect  the 
official  views  of  the  publishing  agency,  the  United  States  Air 
Force,  nor  the  Department  of  Defense. 

Copies  of  this  report  may  be  purchased  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  Virginia  22161 

Federal  Government  agencies  and  their  contractors  registered 
with  Defense  Technical  Information  Center  should  direct 
requests  for  copies  of  this  report  to: 

Defense  Technical  Information  Center 
Cameron  Station 
Alexandria,  Virginia  22314 


PREFACE 


On  21  February  1985,  SAIC  was  contracted  by  the  U.S.  Air  Force  to  perform 
an  IRP  Phase  II  Stage  1  Field  Evaluation  at  McEntire  Air  National  Guard  (ANG) 
Base,  South  Carolina.  The  objectives  of  the  field  evaluation  were  to  deter¬ 
mine  if  environmental  contamination  had  resulted  from  past  waste  disposal 
practices,  fuel  spills,  and  fire  training  activities  at  the  base;  to  provide 
estimates  of  the  magnitude  and  extent  of  contamination  (if  found  present);  to 
identify  the  potential  environmental  consequences  of  migrating  pollutants;  and 
to  identify  additional  monitoring  efforts  to  meet  these  objectives,  if  needed. 
To  these  ends,  groundwater,  surface  water,  soil  and  sediment  samples  were 
obtained  for  analysis  from  seven  sites  having  a  high  potential  for  environ¬ 
mental  contamination,  a  base  water  supply  well,  and  Cedar  Creek.  This  report 
presents  the  activities  and  findings  of  the  IRP  Phase  II  Stage  1  Field 
Evaluation,  as  well  as,  provides  reconmendat ions  for  additional  studies  at 
McEntire  ANG  Base. 

Andris  Lapins  was  project  manager  for  this  Phase  II  Stage  1  study. 

Members  of  the  field  investigation  team  and  technical  support  staff  included 
Andris  Lapins,  Fred  Zafran,  Christopher  Manikas,  Richard  Eades,  and  Candace 
Nothwanger .  Senior  technical  review  was  provided  by  Dr.  Edward  Repa,  Dr. 
William  Ellis,  and  John  Mentz. 

The  support  and  assistance  given  by  TSgt  Mitchel  Brochman  of  the  169th 
TAC  Clinic  and  Cpt .  Zollie  Green  of  the  169th  CEF  during  the  performance  of 
the  Phase  II  Stage  1  field  activities  at  McEntire  ANG  Base  is  greatly 
appreciated. 

This  work  was  accomplished  between  February  1985  and  February  1986.  Lt  . 
Maria  R.  Lamagna,  Technical  Services  Division,  USAF  Occupational  Enironmental 
Health  Laboratory  (USAF  OEHL)  was  the  technical  monitor. 
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SUMMARY 


A  total  of  6  sites  at  McEntire  Air  Rational  Guard  (ANG)  Base  were  iden¬ 
tified  during  Phase  I  Record  Search  activities  as  warranting  Phase  II 
investigation.  These  sites  included  the  No.  1  Fire  Training  Area,  No.  5 
Training  Area,  Sanitary  Landfill,  Y-Storage  Area,  and  C-141-Spill  Trench. 

Based  upon  the  findings  of  a  Phase  II  presurvey  and  at  the  request  of  OEHL, 

2  additional  sites  were  identified  for  further  Phase  II  study  -  the  Unofficial 
Dump  Site  and  the  Drainage  Pond/Swamp  Site.  Two  of  the  original  Phase  I 
sites,  the  Sanitary  Landfill  and  the  No.  5  Fire  Training  Area,  were  also 
combined  into  a  single  study  site  based  on  their  close  proximity  to  one 
another.  Therefore,  the  resultant  number  of  sites  ultimately  investigated 
during  Phase  II  was  7.  In  addition,  one  of  the  base's  water  supply  wells  and 
Cedar  Creek,  the  primary  discharge  point  for  surface  waters  from  McEntire  ANG 
Base,  were  also  studied  during  the  Phase  II  effort. 

Twenty-three  2-inch  diameter  groundwater  monitoring  wells  were  installed 
in  the  upper  Tuscaloosa  water  table  aquifer  during  Phase  II  Stage  1.  These, 
along  with  the  base  water  supply  well  W-l,  were  sampled  by  both  OEHL  and  ERG 
(the  Phase  II  contract  lab)  laboratories.  Soil/sediment  samples  were 
collected  at  six  sites,  and  sediment  and  surface  water  samples  were  collected 
along  Cedar  Creek.  Analyses  of  these  soil  and  water  samples  were  keyed  to 
known  or  suspected  contaminants  at  each  sampling  location  or  site.  The 
analytical  suites  were: 

•  Total  organic  halogens  (TOX),  total  organic  carbon  (TOC)  and  oil  and 
grease  -  two  sites 

•  All  the  above  plus  volatile  organic  compounds  -  two  sites 

•  All  the  above  plus  metals  -  one  site 

•  TOX,  TOC,  oil  and  grease  and  metals  -  one  site 

•  TOX,  oil  and  grease,  nitrate  nitrogen  and  total  phosphorus  -  one  site. 

Analyses  for  TOX,  TOC,  oil  and  grease  and  volatile  organic  compounds  were 
performed  on  the  base  well  (W-l)  sample.  Analyses  for  all  of  the  above  param¬ 
eters  and  for  metals  were  performed  on  sediment  and  surface  water  samples  from 
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Cedar  Creek  and  the  tributary  swale.  The  pH,  temperature  and  specific 
conductance  at  the  time  of  sampling  were  measured  at  each  surface  water  and 
groundwater  sampling  point. 

In  addition,  local  aquifer  characteristics  were  determined  using  water 
level  information  to  establish  hydraulic  gradients,  and  slug  tests  to  find 
hydraulic  conductivities.  Available  standards  were  compiled  for  comparison  to 
analyses;  however,  these  standards  apply  only  to  contaminant  concentrations  in 
water,  not  in  soils  or  sediment.  No  formal  standards  have  been  aet  for 
general  scan  analyses  for  contaminants  such  as  oil  and  grease,  TOX  and  TOC. 

For  analytes  and  media  for  which  standards  are  lacking,  the  range  of 
background  values  published  for  the  study  area  were  used  to  set  levels  of 
significance.  Where  these  data  were  also  unavailable,  levels  of  significance 
were  established  based  on  past  experience. 

Following  is  a  general  summary  of  the  Phase  II  Stage  1 
sampling/analtyical  findings: 

•  Contaminants  were  identified  in  samples  from  5  of  the  7  investigated 
sites,  in  Cedar  Creek  and  its  tributary,  and  in  the  base  supply  well 
W-l; 

•  Groundwater  contamination  was  found  at  4  of  the  6  investigated  sites; 

•  One  well  was  found  to  contain  chromium  at  levels  slightly  exceeding 
Federal  and  state  drinking  water  standards,  with  one  other  well  found 
to  have  contamination  that  slightly  exceeded  the  Federal  and  state 
standards  for  carbon  tetrachloride; 

•  Soil/sediment  contamination  was  found  at  4  of  6  sites  investigated; 

•  Surface  waters  and  sediments  in  Cedar  Creek  and  the  tributary  swale 
were  found  to  be  contaminated;  and 

•  Two  sites,  the  C-141  Spill  Trench  and  Drainage  Pond/Swamp,  were 
without  contamination  in  the  media  investigated,  although  at  the 
Drainage  Pond/Swamp,  contamination  not  attributable  to  the  site  was 
found  beyond  the  extent  of  site  influence. 

Hie  Stage  1  results  fulfill  the  Phase  II  goal  of  confirming  the  presence 
or  absence  of  contamination  at  the  sites  investigated.  They  do  not,  however, 


satisfy  the  Phase  II  goals  of  determining  the  specific  contaminants  involved 
at  most  sites,  nor  do  the  results  provide  sufficient  data  to  determine  the 
extent  of  contaminant  migration  from  the  sites.  Consequently,  additional 
monitoring  is  recommended  for  5  of  the  Stage  1  sites,  as  well  as  for  Cedar 
Creek  and  its  tributary  swale,  and  the  base  supply  well  W-l. 

Following  is  a  brief  summary  of  the  additional  Stage  2  monitoring 
recommended,  prioritized  according  to  significance  and  magnitude  of 
contaminants  identified  to  date: 


•  Base  Supply  Wells 

Sample  both  base  wells  W-l  and  W-2 

Sample  tap  water  at  three  high  occupancy  locations 

Analyze  all  samples  for  volatile  organics 

•  No.  5  Fire  Training  Area 

Resample  four  Stage  1  monitoring  wells  at  three  discrete  depths  in 
each  well  for  volatile  organics 

Collect  25  surficial  soil  samples  and  analyze  for  volatile  organics 
and  base/neutral  and  acid  extractables 

-  Conduct  a  soil  boring,  collect  soil  samples  at  3  foot  intervals  to 
a  minimum  of  25  feet  in  depth,  and  analyze  for  volatile  organics 
and  base/neutral  and  acid  extractables 

•  No.  1  Fire  Training  Area/Sanitary  Landfill 

-  Install  one  additional  monitoring  well 

Sample  new  (one)  and  existing  (five)  wells  at  three  discrete  depths 
for  volatile  organics  and  metals 

•  Y-Storage  Area 

Resample  groundwater  at  four  Stage  1  monitoring  wells  and  analyze 
for  volatile  organics 

-  Collect  17  surficial  soil  samples  and  analyze  for  volatile  organics 
and  base/neutral  and  acid  extractables  in  10  samples  and  TOX  and 
oil  and  grease  in  the  other  seven 

-  Conduct  a  soil  boring,  collect  soil  samples  at  three  foot  intervals 
to  a  minimum  of  25  feet  in  depth,  and  analyze  for  volatile  organics 
and  base/neutral  and  acid  extractables 
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•  Oil  Dump  Site 


-  Collect  seven  surficial  soil  samples,  analyze  four  samples  for 
volatile  organics  and  base/neutral  and  acid  extractables  and 
analyze  for  TOX  and  oil  and  grease  in  the  remaining  three  samples 

-  Conduct  a  soil  boring,  collect  soil  samples  at  three  foot  intervals 
to  a  minimum  depth  of  25  feet,  and  analyze  for  volatile  organics 
and  base/neutral  and  acid  extractables 

-  Resample  groundwater  at  four  Stage  1  monitoring  wells  and  analyze 
for  volatile  organics 

•  Unofficial  Dump  Site 

Collect  seven  surficial  soil  samples,  analyze  four  samples  for 
volatile  organics  and  base/neutral  and  acid  extractables,  and 
analyze  the  remaining  three  samples  for  TOX  and  oil  and  grease 

Conduct  a  soil  boring,  collect  soil  samples  at  three  foot  intervals 
to  a  minimum  depth  of  25  feet,  and  analyze  for  volatile  organics 
and  base/neutral  and  acid  extractables 

•  Cedar  Creek  and  Tributary  Drainage  Swale 

-  Collect  eight  surface  water  and  eight  sediment  samples 

-  Analyze  two  surface  water  and  two  sediment  samples  for  all  priority 
pollutants 

-  Analyze  remaining  six  surface  water  and  six  sediment  samples  for 
volatile  organics  and  metals. 


It  is  felt  that  data  generated  by  these  additional  monitoring  recommenda¬ 
tions,  when  examined  in  conjunction  with  previously  collected  information, 
will  enable  definitive  characterization  of  extent  and  magnitude  of  specific 
contaminants  at  the  designated  sites  (and  ancillary  areas/wells  mentioned 
above)  at  McEntire  ANG  Base. 


1 . 0  INTRODUCTION 


i . 1  BACKGROUND 

Federal,  state,  and  local  governments  have  developed  strict  regulations 
Chat  require  disposers  of  toxic  and  hazardous  wastes  to  identify  the  location 
and  content  of  waste  disposal  sites  and  to  implement  actions  to  eliminate  any 
hazards  to  public  health  or  to  the  environment.  The  Department  of  Defense 
(DOD)  answered  this  challenge  by  issuing  Defense  Environmental  Quality  Program 
Policy  Memorandum  81-5.  This  memorandum  requires  the  identification  and 
evaluation  of  past  hazardous  material  disposal  sites  on  DOD  property,  the 
control  of  hazardous  contaminant  migration,  and  the  control  of  hazards  to  the 
public  health  and  to  the  environment  from  past  waste  disposal  activities.  The 
program  that  was  implemented  by  the  Air  Force  (AF)  und»r  this  memorandum  was 
the  Installation  Restoration  Program  (IRP).  The  IRP  serves  as  the  basis  for 
response  actions  at  AF  and  Air  National  Guard  (ANG)  installations  under  the 
provisions  of  the  Comprehensive  Environmental  Response,  Compensation,  and 
Liability  Act  ( CERCLA)  of  1980. 

The  AF  IRP  has  been  developed  as  a  four-phased  program  with  each  phase 
having  distinct  objectives  and  outputs.  These  phases  are: 

Phase  I  -  Installation  Assessment  (Records  Search) 

To  identify  and  prioritize  past  disposal  sites  posing  a 
hazard  to  public  health  or  the  environment. 

Phase  II  -  Confirmation/Quantification 

To  define  and  quantify  the  presence  or  absence  of 
contamination  that  may  have  an  adverse  impact  on  public 
health  or  the  environment. 

Phase  III  -  Technology  Base  Development  (if  needed) 

To  develop  a  sound  data  base  upon  which  to  prepare  a 
comprehensive  contaminant  control  plan. 

Phase  IV  -  Operations/Remedial  Actions 

To  execute  the  contaminant  control  plan  and  implement 
remedial  actions. 


The  Phase  I  -  Installation  Assessment  of  the  IRP  for  MeEntire  ANG  Base 
was  completed  by  the  Hazardous  Materials  Technical  Center  (HMTC)  in  January 
1984.  This  phase  identified  and  prioritized  past  waste  sites  on  the  base 
which  may  pose  a  hazard  to  public  health  or  the  environment. 

Phase  II  activities  were  initiated  at  MeEntire  ANG  Base  in  May  1984. 

This  report,  prepared  by  Science  Applications  International  Corporation 
(SAIC),  presents  the  results  of  the  IRP  Phase  II  Stage  1  Field  Evaluation  and 
details  the  activities  performed.  Stage  1  of  the  Phase  II  program  is  designed 
to  confirm  the  presence  or  absence  of  contamination,  with  subsequent  efforts 
(i.e.,  Stage  2  if  required)  intended  to  further  define  the  levels  and  areal 
extent  of  contamination. 

1.2  BASE  HISTORY  AND  ORGANIZATION 

MeEntire  ANG  Base  encompasses  an  area  of  2,387  acres  in  Richland  County, 
South  Carolina,  approximately  12  miles  east-southeast  of  Columbia  (Figures  1-1 
and  1-2). 

The  land  area  presently  known  as  MeEntire  ANG  Base  was  initially 
purchased  by  the  Federal  Government  in  1941.  Congaree  Army  Air  Field,  as  it 
was  then  designated,  was  constructed  in  1941-42,  primarily  for  use  as  an 
attack  fighter  training  field  for  the  U.'S.  Army  Air  Corps.  The  field  was 
transferred  to  the  Department  of  the  Navy  on  July  1,  1944,  and  was  designated 
Congaree  Air  Base.  The  base  was  operated  by  the  U.S.  Marine  Corps  as  an 
advanced  fighter  training  base  until  the  spring  of  1946  when  the  field  was 
placed  on  inactive  status.  The  Department  of  the  Navy  issued  the  State  of 
South  Carolina  an  operator's  permit  in  October  1946.  The  South  Carolina  Air 
National  Guard  (SCANG)  has  had  control  of  the  base  since  that  time.  The  base 
was  formally  transferred  by  the  Department  of  the  Navy  to  the  U.S.  Air  Force 
on  November  8,  1955.  The  air  field  was  renamed  Congaree  Air  National  Guard 
Base  in  April  1960  and  redesignated  MeEntire  Air  National  Guard  Base  on 
October  16,  1961. 
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Cedar 


The  base  currently  serves  as  host  to  a  variety  of  small  tenant  units 
(Table  1-1).  The  host  unit,  which  operates  and  maintains  the  installation,  is 
the  169th  Tactical  Fighter  Group.  The  mission  of  this  unit  is  to  train  a 
tactical  fighter  squadron  and  associated  units  to  readiness  for  recall  and 
immediate  deployment  in  a  Tactical  Air  Command  fighter-bomber  combat  role.  The 
unit  is  also  on  call  to  the  State  of  South  Carolina  in  the  event  of  an 
emergency.  The  base  supports  a  normal  contingent  of  24  assigned  tactical 
fighters  and  has  recently  converted  its  primary  mission  aircraft  from  the  A- 7 
Corsair  II  to  the  F-16  Fighting  Falcon. 

The  airfield  complex  at  McEntire  consists  of  three  runways;  one  is 
9,000  feet  in  length  and  two  are  4,500  feet  in  length  (Figure  1-2).  Original 
structures  and  newly  constructed  facilities  at  the  base  are  used  for  opera¬ 
tions,  maintenance,  or  training  purposes.  The  base  does  not  have  community 
support  facilities,  base  housing,  or  full-time  messing  or  billeting 
facilities . 

1.3  HISTORY  OF  HASTE  MANAGEMENT  ACTIVITIES 

Training  and  maintaining  the  169th  Tactical  Fighter  Group  at  a  combat 
readiness  level  commensurate  with  the  needs  of  the  Tactical  Air  Command 
necessitated  that  the  South  Carolina  ANG  be  engaged  in  a  wide  variety  of 
operations  which  involved  the  use  of  materials  with  toxic  and  hazardous 
properties.  Hazardous  wastes  were  generated  as  a  result  of  these  operations. 

A  summary  of  the  type  and  quantity  of  hazardous  materials  used  and  wastes 
generated  by  various  base  operations  is  provided  in  Table  1-2. 

The  Phase  I  -  Installation  Assessment,  completed  in  January  1984  by  the 
Hazardous  Materials  Technical  Center  (HMTC) ,  identified  12  waste  disposal  and 
or  spill  sites  as  potentially  containing  hazardous  materials.  Six  of  the  12 
sites  were  eliminated  from  further  consideration  when  it  was  determined  that 
the  potential  for  contaminant  migration  did  not  exist.  The  remaining  6  sites 
were  determined  by  HMTC  to  have  the  potential  for  contaminant  migration  and 
were  further  evaluated  and  prioritized  using  the  Air  Force's  Hazardous 
Assessment  Rating  Methodology  (HARM).  Table  1-3  lists  the  six  sites  and  their 
associated  HARM  scores.  These  sites  were  recommended  for  investigation  as 
part  of  the  Phase  II  -  Confirmation/Quantification  effort. 
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TABLE  1-1.  McENTIRE  ANG  BASE  HOST  AND  TENANTS 


Hose 


169th  Tactical  Fighcer  Group 
Tenants 


Headquarters,  South  Carolina  Air  National  Guard  (SCANG):  Approval  of  overall 
policies  and  training  for  all  organizations  of  SCANG. 

240th  Air  Traffic  Control  Flight:  To  attain  and  maintain  an  optimum 
effective  capability  to  install,  operate,  and  maintain  air  traffic 
control  and  navigational  aid  facilities  in  support  of  USAF  operations, 
according  to  gaining  command  plans  for  utility  in  a  national  emergency. 

240th  Combat  Communications  Flight:  To  attain  and  maintain  effective 
capability  to  install,  operate,  and  maintain  mobile  communications  in 
support  of  USAF  operations,  according  to  gaining  command  plans  for 
utility  in  a  national  emergency. 

Det  4  OLA  3rd  Weather  Squadron:  To  provide  continuous  meterological  watch 
service  24  hours/day,  7  days/week  for  weather  observations  and  weather 
warning  service  to  McEntire  ANG  Base. 

Army  Aviation  Support  Facility:  Provides  flight  operation  and  maintenance 
support  for  all  Army  National  Guard  aircraft  and  provides  proficiency 
training  for  Army  National  Guard  aircrews. 

51st  Aviation  Assault  Company:  Trains  aircrews  in  operational  support  of 
Army  units  upon  mobilization. 

Fort  Jackson  Aero  Club:  Provides  flight  training  for  all  members  of  a 
certified  aero  club.  Provides  maintenance  on  all  club  aircraft. 

Other  Installation  Users 

Shaw  Air  Force  Base:  U.S.  Air  Force  aircraft  use  base  as  transition  field 
for  practice  landings  and  takeoffs. 

SCANG  Clinic  McEntire  ANG. 
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TABLE  1-2. 

MATERIALS  WITH  HAZARDOUS  PROPERTIES  USED  AND  DISPOSED 
BY  VARIOUS  BASE  OPERATIONS  (modified  from  HMTC,  1984) 


Snop  Mm 


Hazardous  Wasce/Used 
Hazardous  Material 


Estimated 

Quantity 


method*  of 

Treacaent/Storage/Disposal 
-1950 - 1900 - 1970 - 1980 - Present 


Pnsudraulic  Shop 


PD-880 

Hydraulic  fluid 


15  dal/no 
20  dal/90 


Corrosion  control 
Mach ins  Shop 
Structural  Repair 
Maiding 


Paint 

Paint  Strippers 
Paint  Thinnars 
Cutting  fluid/Coolant 


4  gal/rao 
4  gal/ao' 
4  gal/no 
1/2  gal /so 


Engina  Shop 


PD-880 

Aircraft  Oil 
JP-4 


1  gal/mo 
12  gal/ao 
8  dal/mo 


Fixer 

Davalopar 

Kerosene 

Panatrant 
Eaulsifiar 
wasta  luba  Oil 
Me thy lathy Ike tone 
Tr  ichloroathana 


7  gal/mo 
10  gal/mo  _ 

1  gal/mo" 

2  gal/ao 
2  gal/mo 

10  gal/ao 
1  gal/ao 
1  gal/ao 


•  SST? - »4  RECOVERY 

— .  SSTP  — 


Fligntlina/ 
Basa  Flight 


253/  Aircraft  Oil 
80  Hydraulic  Fluid 
PO-880 

Aircraft  Claanar 


50  gal/ao 
10  9al/mo 
25  gal/ao  : 
9  gal/ao 


Tlrs  Rapair 

and  Reclamation 


paint  Stripper  (B  t  B) 
PD-680 


18  gal/mo 
35  gal/ao 


LAND  FL- 
FIRE  TR - 


•  CNTRCTl 
—  DPOO-4 


Paint  Shop 


Chronic  Acid 
Epoxy  Paint 
polyurethane  Paint 
Thinner 
11  dome 

Toluene 

(4e  thy  le  thy  Ike  tone 


1  gal/ao 
1  gal/ao 
1  gal/ao 
1/4  gal/ao 
1  gal/ao 
3  gal/ao 
6  gal/ao 


PD-S 80 /Var so 1 /Gunk 
JP-4 /MOGAS* /AVGAS6 
Hydraulic  Fluid 
Engina  Oil 
Aircraft  Oil 
Transmission  Fluid 
Battery  Acid 


78  gal/ao 
4  gal/mo 
20  gal/ao  "I 
20  gal/ao  | 

2  gal/ao  I 
1  gal/mo  J 

3  gal/ao 


-OWS/STDR- 
-  FIRE  TR  - 


■  NEUTRL  i  OWS/STDR- 


Motor  Pool 


PD-880 /Var sol /Gunk 
Me thy lathy lketone 
Paint  Thinner 
JP-4 

Engine  Oil 
Brake  Fluid 
Antifreeze 
Paint 

Battery  Acid 


10  gal/mo 
5  gal/mo  ' 
1  gal/mo 
3  gal/mo 
40  gal/mo" 

1  gal/mo 
120  gal/mo  ' 
1/2  gal/mo 

2  gal/mo 


-OWS/STDR- 
—  LAND  FL  - 


•  SSTP  — 
4  CNTRCT  - 


■NEUTRL  i  OWS/STDR-*wNEUTRL  1  SSTP 


183  JP-4 /AVGAS 


300  gal/ao 


Army  Aviation 


Masts  Oil 
Hydraulic  Fluid 
Gunk /Var sol 
Trichioroa thane 
Battery  Acid 
JP-4 /AVGAS 


55  gal/ao 
2  gal/mo 
50  gal/mo  ■ 
25  gal/mo 
1  gal/mo 
20  gal/mo 


•recovery 

STOR/OWS 

SSTP 
FT  HE  TR 
PPOO 


Precious  metal  recovery. 

Storm  drain  to  Oll/Mater  separator 
to  Csdar  ck. 

Sanitary  Sewage  Treat  Plant  to  Cedar  Ck. 
Fire  Dept.  Training  Exercises 
Defense  Property  Disposal  Office. 


■NOG AS  -  AutomoO He  gasoline 
bAVOAS  -  Aviation  gasoline 

sand PL  On-base  Landfill. 

NEUTRL  Neutralization  jnd  to  drain. 

CNTRCT  Outside  Service  Contract  to  off-base  facility 
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TABLE  1-3.  SUMMARY  OF  RESULTS:  IRP  PHASE  I  HARM  SITE  RATINGS 


Priority 

Phase  I 
Site  No. 

Site  Description 

HARM 

Score 

l 

2 

No.  5  Fire  Training  Area 

69 

2 

1 

No.  1  Fire  Training  Area 

67 

3 

3 

Sanitary  Landfill 

57 

4 

4 

Y-Storage  Area 

56 

5 

5 

Oil  Dump  Site 

56 

6 

6 

C-141  Spill  Trench 

54 

Source:  Phase 

I  Report  (HMTC, 

1984). 
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During  the  Phase  II  initiation  meeting  and  site  survey  conducted  at 
McEntire  ANG  Base  in  May  1984,  two  additional  sites  were  identified  as 
potential  sources  of  off-base  contaminant  migration:  an  unofficial  dump  site 
located  north  of  the  Sanitary  Landfill  site  and  approximately  500  feet  from 
Cedar  Creek,  and  a  drainage  pond/swamp  area  located  along  the  south-central 
base  boundary  line  near  the  petroleum,  oils,  and  lubricants  (POL)  storage 
area.  As  the  result  of  discussions  with,  and  at  the  request  of,  McEntire  ANG 
Base  officials  and  the  Air  Force's  Occupational  and  Environmental  Health 
Laboratory  (OEHL),  these  two  sites  were  included  as  part  of  the  Phase  II  - 
Confirmation/Quantification  effort.  Table  1-4  presents  a  brief  summary  of 
suspected  contamination  for  the  six  prioritized  sites,  as  well  as,  the  two 
unprioritized  sites.  The  location  of  the  sites  is  shown  in  Figure  1-3. 

1.4  IRP  PHASE  II  STAGE  1 

On  the  basis  of  the  Phase  I  and  Phase  Ila  presurvey  findings,  the  Air 
Force's  Occupational  and  Environmental  Health  Laboratory  (OEHL)  developed  a 
scope  of  work  (Appendix  C)  for  the  Phase  II  Stage  1  -  Confirmation/ 
Quantification  effort  for  McEntire  ANG  Base.  The  objectives  of  this  stage 
were  to  investigate  the  eight  sites  previously  identified  in  order  to: 

o  Determine  if  environmental  contamination  had  resulted  from  past  waste 
disposal  practices,  fuel  spills,  or  fire  training  activities 

o  Provide  estimates  of  the  magnitude  and  the  extent  of  contamination,  if 
present 

o  Identify  potential  environmental  consequences  of  migrating  pollutants, 
if  confirmed 

o  Identify  additional  investigations  that  may  be  necessary  to  properly 
define  the  magnitude  and  the  extent  of  contaminants. 

The  exact  location  of  the  No.  1  Fire  Training  Area  could  not  be 
delineated  in  the  field  by  base  personnel.  Because  of  the  fire  training 
area's  reported  close  proximity  with  the  Sanitary  Landfill  site  (Figure  1-3), 
these  two  sites  were  combined  and  investigated  as  one  site  area.  The  combi¬ 
nation  of  these  two  sites  and  the  addition  of  two  previously  unidentified 
sites  necessitated  reorganization  of  the  numbering  system  previously  estab¬ 
lished  by  the  Phase  I  effort  (Table  1-3).  Table  1-5  presents  the  site 
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TABLE  1-4.  HISTORY  OF  CONTAMINATION  AT  PHASE  II  STUDY  SITES 


Site  Name  HARM  Date  or  Period  Waste  Disposal/Contamination  Activity 

Score  of  Existence 


No.  5  Fire  69  1970-Present 

Training  Area 


No.  1  Fire  67  1947-1955 

Training  Area 


Sanitary  57  1947-1980 

Land  fill 


Y-  Storage  56  1947-1974 

Area 


Approximately  63,000  gallons  of 
liquid  waste  were  disposed  at  the 
site.  An  estimated  80  percent 
of  these  materials  were  burned, 
leaving  approximately  12,600  gallons 
remaining  in  the  environment.  Wastes 
disposed  included:  kerosene,  JP-4, 
waste  oil,  PD-680,  battery  acid, 
paint  thinners ,  emulsifiers,  aircraft 
cleaners,  methylethyl  ketone,  tri- 
chloroethane ,  waste  trash,  airplane 
parts,  and  transmission,  hydraulic, 
and  brake  fluids. 

Approximately  16,000  gallons  of 
combustible  waste  were  disposed  and 
burned  at  this  site  during  fire 
training  exercises.  An  estimated 
3,200  gallons  remain  unburned. 

Wastes  were  of  the  same  type  as  those 
disposed  of  in  the  No.  5  Fire 
Training  Area  ( above) . 

Waste  materials  disposed  at  this  site 
include:  construction  rubble, 

domestic  refuse,  pesticide  cans, 
paint,  solvents,  paint  thinner  and 
stripper,  motor  oil  and  antifreeze 
containers.  Open  burning  was 
practiced,  during  which, 
approximately  5  to  30  gallons  of 
combustible  liquid  waste  were 
disposed  of  weekly. 

Drums  of  waste  oil,  solvents, 
gasoline,  JP-4  and  other  combustible 
liquids  were  stored  at  this  site 
prior  to  being  transported  to  fire 
training  areas.  Chronic  minor 
spillage,  throughout  it's  history  of 
use,  had  saturated  the  concrete  pad 
and  the  soil  surrounding  it. 
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TABLE  1-4. 


HISTORY  OF  CONTAMINATION  AT  PHASE  II  STUDY  SITES  (continued) 


Site  Name 

HARM 

Score 

Date  or  Period 
of  Existence 

Waste  Disposal/Contaminat ion  Activity 

Oil  Dump 

Site 

56 

unknown 

A  visible  oil  patch  which  emits 
a  distinct  hydrocarbon  odor  comprises 
this  site.  The  volume  and  the  full 
nature  of  the  liquid  disposed  at  this 
site  are  unknown.  Plant  growth  has 
been  stunted  in  the  immediate  area. 

C-141  Spill 
Trench 

54 

3/7/82 

An  estimated  9,000  gallons  of  JP-4 
spilled  from  a  burning  C-141  and 
entered  the  trench.  An  estimated 

450  gallons  remained  in  the  trench 
following  clean  up  operations. 

Unofficial 

Dump  Site 

unknown 

General  debris,  scrap  metal,  roofing 
shingles,  empty  paint  cans,  tar 
residues  and  stained  soils  were 
observed  at  the  site.  The  type  and 
volune  of  liquid  materials  disposed 
at  the  site  are  unknown. 

Drainage 

Pond/ Swamp 

Intermittant 

This  site  receives  surface  drainage 
from  a  large  portion  of  the  base.  A 
light  oil  film  was  observed  near  a 
drain  pipe  entering  the  pond.  The 
pond  discharges  directly  off-base  and 
therefore  has  a  high  potential  for 
off-base  contaminant  migration. 

Source:  Phase 

I  Report 

(HMTC,  1984)  and 

Phase  Ila  site  survey. 
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Cedar 


Figure  1-3.  Location  Map  of  Phase  II  Stage  1  Study  Sites. 
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TABLE  1-5.  BRIEF  SUMMARY  OF  IRP  PHASE  II  STAGE  1  SAMPLING  AND  ANALYSIS  PLAN 
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numbering  system  developed  and  implemented  for  the  Phase  II  Stage  1  effort  and 
provides  a  brief  summary  of  the  sampling  and  analysis  plan  for  each  of  the 
sites.  The  location  of  the  site  areas  with  their  assigned  numbers  is  shown  in 
Figure  1-4.  Site  scale  maps  are  provided  in  Figures  1-5  through  1-11. 

Detailed  descriptions  of  each  of  the  sites  are  provided  in  Chapter  2.0. 

The  field  program  was  coordinated  and  implemented  by  SAIC  personnel.  The 
field  team  as  well  as  the  personnel  involved  in  the  preparation  of  this  report 
are  identified  in  Appendix  L.  Borehole  drilling  and  well  installation  were 
contracted  to  Soil  and  Materials  Engineers,  Inc.  of  Columbia,  South  Carolina, 
and  supervised  by  SAIC/JRB  personnel.  Sampling  activities  were  performed  by 
SAIC/JRB  personnel.  The  samples  collected  were  split,  with  one  set  sent  for 
analysis  to  SAIC/JRB's  subcontracted  laboratory,  Environmental  Research  Group 
(ERG)  Laboratories  of  Ann  Arbor,  Michigan,  and  a  duplicate  set  sent  to  OEHL's 
laboratory  in  San  Antonio,  Texas. 

The  remainder  of  the  report  is  divided  into  five  chapters  which  are 
briefly  outlined  below: 

2.0  Environmental  Setting  -  An  overview  of  regional  and  local  geology 
and  hydrology,  including  aquifer  systems  and  detailed  disposal 
histories. 

3.0  Field  Program  -  The  field  activities  and  procedures  associated  with 
the  monitoring  well  installation  program,  aquifer  tests,  and 
sampling  procedures. 

4.0  Discussion  of  Results  and  Significance  of  Findings  -  Field  sampling 
results,  extent  of  contamination,  and  evaluation  of  contamination. 

5.0  Alternative  Measures  -  The  proposed  options  by  site  for  future 
monitoring  efforts  or  studies. 

6.0  Recommendations  -  Conclusions  of  the  study  and  recommendations  for 
future  IRP  stages. 
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Figure  1-4.  Location  Map  of  Phase  li  Stage  1  Study  Sites  Showing  Site  Numbering 
System  Implemented. 
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Figure  1-5.  Site  No.  1:  No.  5  Fire  Training  Area. 


Figure  1-6.  Site  No.  2:  No.  1  Fire  Training  Area/Sanitary  Landfill  Site. 
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Figure  1-10.  Site  No.  6:  Unofficial  Dump  Site. 
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Highway  769 


Figure  1-11.  Site  No.  7:  Drainage  Pond/Swamp  Site. 
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2.0  ENVIRONMENTAL  SETTING 


2.1  PHYSICAL  GEOGRAPHY 

McEntire  ANG  Base  lies  within  the  Lower  Coastal  Plain  subprovince  of  the 
Atlantic  Coastal  Plain  Physiographic  Province  (Figure  2-1),  between  the  north¬ 
east  valley  wall  and  the  floodplain  of  the  Congaree  River.  This  portion  of 
the  Lower  Coastal  Plain  is  characterized  by  very  low  relief  and  a  number  of 
flat  to  gently  inclined  terraces  separated  by  scarps  that  are  topographically 
recognizable  between  the  elevations  of  270  and  110  feet  mean  sea  level  (MSL) . 
The  terraces  and  associated  scarps  have  been  identified  by  Cooke  (1936)  and 
regionally  correlated  by  Colquhoun  (1965)  as  follows: 


Elevation  of  Toe  of  Northwest 
Bounding  Scarp(feet  MSL) 


Terrace  Name 


300-320 

Un-named 

270-250 

Hazelhurst 

220-210 

Cohar ie 

180-170 

Sunderland 

150-140 

Okefenokee 

125-110 

Wicom  ico 

According  to  Colquhoun  (1965),  these  terraces  and  scarps  represent  the 
terminal  geomorphic  surfaces  of  transgressive  -  regressive  stratigraphic  units 
which  were  deposited  during  fluctuations  in  sea  level.  Their  state  of  preser¬ 
vation  is  variable.  The  highest  terrace  is  not  noticeable  on  topographic  maps 
of  the  area  and  is  interpreted  to  Pe  present  on  the  basis  of  stratigraphy 
(Colquhoun,  1965).  The  remaining  terraces  are  less  dissected  by  erosion  and 
are  more  apparent  physiographical ly .  Ground  surface  elevations  at  McEntire 
ANG  Base  (excluding  flood  plains)  grade  gradually  from  approximately  200  feet 
MSL,  near  the  southwest  base  boundary,  to  approximately  270  MSL  along  the 
northern  boundary,  within  the  limits  designated  by  Cooke  (1936)  for  the 
Hazelhurst  terrace.  The  land  area  directly  north  of  the  base  lies  within  the 
Upper  Coastal  Plain.  Relief  of  several  hundred  feet  is  cottmon  within  this 
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South  Carolina 


subprovince  and  plain  surfaces  are  rare.  Complex  dendritic  stream  patterns 
thoroughly  drain  the  region  and  natural  lakes  and  swamps  are  almost  absent. 

The  Upper  Coastal  Plain  has  been  subdivided  into  two  regions,  the  Red  Sand 
Hills  and  the  White  Sand  Hills,  based  largely  on  characteristic  soils 
(Colquhoun,  1965).  A  topographic  cross  section  of  the  northeast  side  of  the 
Congaree  River  Valley  illustrating  the  Upper  and  Lower  Coastal  Plain  sub¬ 
provinces  is  provided  in  Figure  2-2. 

The  majority  of  streams  which  flow  across  the  northeast  valley  wall  of 
the  Congaree  River  are  fed  by  groundwater  and  originate  in  the  Sand  Hills 
region  of  the  Upper  Coastal  Plain.  They  flow  in  a  southeasterly  direction 
toward  the  Congaree  River  across  the  Lower  Coastal  Plain  in  narrow  valleys 
that  are  separated  by  relatively  smooth,  broad  stream  divides  (SCS,  197S). 
McEntire  ANG  Base  is  situated  between  two  such  streams;  Cedar  Creek,  which 
flows  along  the  west  side  of  the  base  and  forms  the  southwest  base  boundary, 
and  Dry  Branch  which  flows  along  the  eastern  base  boundary  (Figure  1-2).  With 
the  exception  of  a  drainage  outfall  located  near  the  Petroleum,  Oil  and 
Lubricants  (POL)  area  in  the  extreme  southern  portion  of  the  base  (Site  No.  7: 
Drainage  Pond/Swamp),  rainfall  runoff  at  McEntire  ANG  Base  flows  directly,  or 
is  captured  and  diverted  via  the  base's  stormwater  drainage  system,  into  Cedar 
Creek  and  Dry  Branch.  All  of  the  sites  being  investigated  as  part  of  the 
Phase  II  Stage  1  effort  lie  within  the  drainage  area  of  Cedar  Creek.  Cedar 
Creek  flows  in  a  southeasterly  direction  for  approximately  14  miles  and 
empties  into  the  Congaree  River.  Dry  Branch,  a  tributary  to  Cedar  Creek, 
joins  Cedar  Creek  approximately  six  miles  due  south  of  McEntire  ANG  Base.  The 
Congaree  River  is  joined  by  the  Wateree  River  approximately  24  miles  southeast 
of  the  base.  Their  confluence  marks  the  origin  of  the  Santee  River  which  in 
turn,  flows  southeasterly  and  eventually  empties  into  Lake  Marion. 

Water  quality  data  are  not  available  for  either  Cedar  Creek  or  Dry 
Branch,  however,  both  streams  have  been  classified  as  Class  A  streams  under 
the  South  Carolina  Stream  Classification  System.  Class  A  refers  to  those 
streams  suitable  for  a  drinking  water  supply  after  conventional  treatment, 
primary  contact  recreation,  fishing,  survival  and  propagation  of  fish,  and  for 
industrial  and  agricultural  purposes  ( HMTC ,  1984). 
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Elevation 
(ft  msl) 


— —  —  Top  of  Scarp 

(Landward  Extent  of  Terrace) 

A-A'  Cross-section  Line 

H  Hazelhurst  Terrace 


S  Sunderland  Terrace 
0  Okefenokee  Terrace 
W  Wicomico  Terrace 


C  Coharie  Terrace 


(Source:  Colquhoun,  19651 


Terrace  Complexes  of 
Lower  Coastal  Plain 


^  Upper  Coastal  *■  J  *  Lower  Coastal 

Plain  Subprovince  I  Plain  Subprovince 


(Source:  Modified  from  Colquhoun,  1965.1 


Figure  2-2.  Physiographic  and  Topographic  Cross-Section  of  the  Northeast 
Side  of  the  Congaree  River  Valley  from  Brown's  Chapel 
to  Madison  Church.  South  Carolina. 
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Soils  mapped  by  the  CJ.S.D.A.,  Soil  Conservation  Service  (1  978)  at 
McEntire  ANG  Base  are  of  the  Or angeburg-Norfolk-Marlboro  soil  association. 

This  map  unit  consist  of  deep,  nearly  level  to  sloping,  well  drained  soils 
that  were  formed  in  the  loamy  and  clayey  sediments  of  the  Coastal  Plain 
terraces.  The  majority  of  the  soils  of  this  map  unit  which  are  present  at  the 
sites  under  investigation  are  of  the  Orangeburg,  Norfolk,  and  Coxville  soil 
series.  Table  2-1  summarizes  the  physical  properties  of  these  soils, 

2.2  REGIONAL  GEOLOGY 

The  geology  of  South  Carolina  has  been  characterized  by  several  authors 
including  Tuomey  (1848),  Cooke  (1936),  Siple  (1957),  and  Colquhoun  (1965). 

The  regional  geologic  setting  provided  in  this  report  is  based  largely  on 
their  findings  and  is  presented  to  provide  background  information  so  that 
correlations  of  site-specific  information  can  be  related  to  regional  trends. 

The  Coastal  Plain  of  South  Carolina  is  characterized  by  a  wedge-shaped 
body  of  complexly  interbedded  unconsolidated  or  semiconsol  idated  sedimentary 
formations,  of  Late  Cretaceous  to  Quaternary  Age,  which  overlie  crystalline 
basement  rock  of  the  Piedmont  Province  (Figure  2-3).  These  Coastal  Plain 
formations  generally  strike  northeast-southwest,  dip  to  the  southeast  at  8  to 
30  feet  per  mile,  and  thicken  downdip  (Siple,  1957).  Because  of  their  simple 
homoclinal  structure,  they  outcrop  at  the  surface  along  the  inner  margin  of 
the  Coastal  Plain,  and  do  so  in  an  oldest  to  youngest  sequence  from  west  to 
east.  This  effect  is  illustrated  in  the  regional  geologic  map  of  the  South 
Carolina  Coastal  Plain  (Figure  2-4).  Table  2-2  provides  a  description  of  the 
formations  identified  in  Figure  2-4. 

As  is  shown  in  Figure  2-4,  McEntire  ANG  Base  is  underlain  by  the 
Tuscaloosa  formation  of  Late  Cretaceous  Age.  This  formation  is  composed  of 
tan,  buff,  red  and  vfriite  crossbedded  ,  micaceous,  feldspathic,  quartz  sand  and 

s 

gravel  interbedded  with  red,  brown,  gray  and  purple  impure  clay  and  white 
kaolin  (Siple,  1957).  The  Tuscaloosa  is  the  oldest  and  lowermost  of  the 
sedimentary  formations,  and  is  continuous  throughout  the  Coastal  Plain  of 
South  Carolina  (Callahan,  1975).  Because  the  Tuscaloosa  formation  dips  to  the 
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TABLE  2-1.  PHYSICAL  PROPERTIES  OF  SOILS  AT  STUDY  SITES 
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Figure  2-3.  Geologic  Cross  Section  of  South  Carolina. 
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Figure  2-4.  Surficial  Geology  of  South  Carolina  Coastal  Plain. 
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Miles  Black  Cieek  Formation 


TABLE  2-2. 

GEOLOGIC  FORMATIONS  WHICH  OUTCROP  IN  THE  SOUTH  CAROLINA  COASTAL  PLAIN 


System 

Formation 

Approximate 
Thickness  (ft.) 

Description 

Tertiary 

Waccamaw 

25 

Interbedded  layers  of  sand  and  marine  shells. 

Duplin 

20 

Shell  marl. 

Hawthorn 

160 

Sandy  phosphatic  marl  and  soft  limestone  with 
interbedded  btj.tt.le  shale. 

Flint  River 

50 

Reddish  yellow  sand,  inclusions  of  yellow 
vitreous  chert. 

, 

Cooper  Marl 

100-200 

Greyish-green  marl  commonly  75  percent  lime 
carbonate  and  2-5  percent  lime  phosphate. 

Barnwell 

100 

Fine  to  coarse  reddish  pebbly  sand,  generally 
massive,  cross-bedded,  and  mottled  with  grey  in 
places. 

McBean 

100 

Fine  to  medium  grained,  light  greenish 
glauconitic  marl,  laminated  flakey  clay, 
fuller's  earth,  lenses  of  silicified  limestone. 

Santee 

180-230 

Pure  white  to  creamy  yellow,  soft,  homogeneous 
limestone  containing  few  bedding  planes. 

Black  Mingo 

100 

Yellow-red,  fossiliferous ,  laminated  sandy 
shale,  interbedded  dark  clay,  shale,  fuller's 
earth. 

Cretace¬ 

ous 

Peedee 

800 

Grey  sandy  marl  interbedded  with  thin  ledges 
of  hard  raarlstone. 

Black  Creek 

450 

Unctuous  black  shaley  clays  enclosing  inter¬ 
laminations  of  extremely  thin  seams  and 
occasional  fine-grained  sand. 

Tuscaloosa 

250-300 

Light-grey,  white,  or  buff,  cross-bedded  sand 
with  interfingering  lenses  of  white,  pink,  or 
purplish  clay. 

Source:  Phase  I  Report  (HMTC,  1984). 
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southeast,  it  crops  out  at  the  surface  in  a  belt  10  to  40  miles  wide  along  the 
extreme  northwestern  border  of  the  Coastal  Plain,  where  McEntire  ANG  Base  is 
situated  (Figure  2-4).  According  to  Siple  (1957),  the  Tuscaloosa  formation  has 
a  smaller  dip  (15  to  20  feet  per  mile)  in  this  portion  of  the  Coastal  Plain 
than  it  does  across  the  Coastal  Plain  as  a  whole  (30  feet  per  mile) .  Thick¬ 
ness  of  the  Tuscaloosa  ranges  from  a  feather  edge  along  its  westernmost 
border,  in  the  vicinity  of  Columbia,  to  approximately  950  feet  in  wells  near 
the  coast  (Callahan,  1964).  At  McEntire  ANG  Base,  the  Tuscaloosa  formation  is 
estimated  to  be  approximately  300  feet  thick  (HMTC,  1984). 

Along  the  northwest  valley  wall  of  the  Congaree  River,  where  McEntire  ANG 
Base  is  situated,  the  Tuscaloosa  formation  is  overlain  by  a  series  of  marine 
terrace  deoosits  of  Tertiary  Age.  These  terraces  and  the  stratigraphic  units 
which  comprise  them  were  formed  by  a  complex  series  of  erosional  and 
depositional  cycles  brought  about  by  successive  transgressive  and  regressive 
fluctuations  in  sea  level  (Colquhoun,  1965).  Figure  2-2  shows  the  mapped 
extent  of  the  terraces  along  the  northeast  valley  wall  of  the  Co  »aree  River, 
based  on  the  scarps  that  differentiate  them.  The  oldest  terrace  found  in  the 
vicinity  of  the  base  is  the  Hazelhurst  terrace,  followed  sequentially  in  age 
by  the  Coharie,  Sunderland,  Okefenokee,  and  Wicomico  terraces.  Each  of  these 
terraces  were  deposited  on  an  erosional  unconformity  on  the  underlying 
Tuscaloosa  formation.  The  relationship  between  the  terraces  and  the 
underlying  Tuscaloosa  formation  is  schematically  illustrated  in  Figure  2-5. 

The  terraces  are  geomorphically  and  geologically  congruous  (i.e.,  the  deposits 
which  form  a  terrace  comprise  a  formation  having  the  same  name  as  the 
terrace).  The  elevation,  thickness,  and  lithology  of  individual  terraces  are 
summarized  in  Table  2-3.  The  Hazelhurst  (terrace)  formation  directly  under¬ 
lies  the  majority  of  McEntire  ANG  Base.  Geologic  information  obtained  during 
monitoring  well  installation  suggests  that  the  southwesternmost  portion  of  the 
base  may  be  underlain  by  the  Coharie  (terrace)  formation. 

The  Hazelhurst  (terrace)  formation,  like  the  Coharie  and  other  terrace 
formations,  generally  consists  of  basal  cross-bedded  sands  and  gravels  which 
grade  upward  to  sandy,  silty  clay.  The  thickness  of  the  formation  ranges  from 
40  to  50  feet  along  northeasternmost  extent  to  0  feet  at  the  scarp  that 
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Figure  2-5.  Schematic  Block  Diagram  Showing  Relative  Position  of  Terrace  Complexes 
Overlying  Tuscaloosa  Formation  on  Northeast  Side  of  Congaree  River  Valley 
(Adapted  from  Colquhoun,  1965). 
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TABLE  2-3.  FORMATIONS  AND  TERRACES  FOUND  IN  THE  CONGAREE  RIVER  VALLEY 


Formation 

Name 

Terrace 

Name 

Elevation 
(ft.  MSL) 

Lithology 

Geologic 

Time  Period 

Wicomico 

Wicomico 

100-125 

Cross-bedded  sand, 
grades  upward  to 
sandy  clay 

Pleistocene 

Okefenokee 

Okefenokee 

140-150 

Cross-bedded  sand 
and  gravel,  grades 
upward  to  sandy 
clay 

Post-Late  Miocene 
or  Late  Miocene 

Indefinite 

Sunderland 

170-180 

Basal  cross-bedded 
sands  and  coarse 
gravels,  grades 
upwards  to  sandy  clay 

Post-Late  Miocene 
or  Late  Miocene 

Coharie 

Coharie 

210-220 

Basal  gravel  grades 
upwards  to  sandy  clay 

Post-Late  Miocene 
or  Late  Miocene 

Hazelhurst 

Hazelhurst 
(or  Brandywine) 

250-270 

Basal  cross-bedded 
sands  and  coarse 
gravels,  grades 
upwards  to  silt,  sand, 
and  clay 

Post  Median 

Eocene  to  Pre- 
Late  Miocene 

Source:  Colquhoun  (1965). 
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differentiates  it  from  the  lower-lying  Coharie  (terrace)  formation.  The 
gravel  facies  at  the  base  of  the  Hazelhurst  constitutes  the  contact  between 
the  Hazelhurst  and  the  underlying  Tuscaloosa  formation.  However,  the 
interbedded  nature  of  gravel  and  sand  in  the  lowermost  horizon  of  the 
Hazelhurst  suggests  that  the  gravel  is  not  a  continuous  unit.  Where  the 
gravel  layer  is  absent,  the  contact  between  the  Hazelhurst  and  Tuscaloosa 
formation  is  difficult  to  determine,  because  of  their  similiar  lithologic 
characteristics.  Because  the  terrace  deposits  and  Tuscaloosa  formation  are 
contiguous  and  have  similar  lithologic  and  stratigraphic  characteristics,  they 
can  be  viewed  as  one  hydrogeologic  unit. 

2 . 3  REGIONAL  HYDROGEOLOGY 

The  primary  water  bearing  formation  in  the  McEntire  ANG  Base  area  is  the 
Tuscaloosa  formation.  This  formation  is  composed  of  complexly  interbedded 
unconsolidated  to  semiconsolidated  sand,  silt  and  clay  deposits.  Sufficient 
yields  of  water  for  supply  purposes  occur  within  the  sandy  beds  of  the 
formation . 

Groundwater  in  the  Tuscaloosa  formation,  in  the  region  where  McEntire  ANG 
Base  is  situated,  occurs  under  both  water  table  and  artesian  conditions. 

Within  the  uppermost  units  of  the  formation  groundwater  occurs  under  water 
table  conditions.  Within  the  deeper  sandy  beds  of  the  formation,  groundwater 
is  confined  by  relatively  impermeable  clay  and  silt  beds  and  hydrostatic 
pressure  causes  the  water  to  rise  above  the  confining  bed  when  the  aquifer  is 
penetrated  by  a  well.  Because  the  deeper  sand  aquifers  of  the  Tuscaloosa 
formation  are  generally  higher  yielding,  the  shallow  water  table  aquifer  is 
not  extensively  utilized  for  water  supply  purposes.  Wells  which  are  installed 
into  the  Tuscaloosa  for  supply  purposes  generally  are  drilled  into  the  deeper 
confined  sand  aquifers  of  the  formation,  where  groundwater  exists  under 
artesian  conditions  (Siple,  1957). 

As  a  hydrogeologic  unit,  the  Tuscaloosa  formation  is  one  of  the  principal 
aquifers  in  the  Coastal  Plain  of  South  Carolina,  because  of  its  yield  and 
utilization  (Siple,  1957).  Wells  within  the  Tuscaloosa  have  been  reported  to 
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yield  as  much  as  2,000  gallons  per  minute  (gpm) ,  with  a  large  portion  of 
municipal  and  industrial  wells  yielding  300  gpm  or  more  (McGuinness,  1963). 
Siple  (1960)  estimated  the  transmissivity  of  the  Tuscaloosa  along  the  inner 
margin  of  the  Coastal  Plain  to  be  as  high  as  430,000  gallons  per  day  (gpd)  and 
to  average  200,000  gpd.  The  high  yields  of  the  Tuscaloosa  aquifer  are  largely 
the  result  of  its  occurrence  as  a  thick,  predominantly  sandy  formation  with  an 
extensive  outcrop  area  available  for  recharge. 

Precipitation  falling  directly  on  the  outcrop  area  of  the  Tuscaloosa 
formation  provides  the  primary  source  of  recharge  to  the  aquifer.  Annual 
precipitation  over  the  outcrop  averages  48  inches,  of  which,  approximately  15 
inches  per  year  occurs  as  surface  runoff  and  an  estimated  10  inches  per  year 
recharges  the  aquifer  (Callahan,  1964).  Thomson  and  Carter  (1955)  determined 
Chat  streams  in  the  outcrop  region  of  the  Tuscaloosa  formation  have  minimum 
flows  not  much  less  than  their  average  flows,  indicating  a  steady  flow  of 
groundwater  from  the  aquifer  to  the  streams.  Callahan  (1964)  reported  that 
most  of  the  water  that  is  recharged  to  the  Tuscaloosa  in  its  outcrop  area  is 
actually  discharged  to  streams  and  rivers  which  incise  the  formation. 

Groundwater  which  is  not  discharged  to  surface  water  bodies  in  the  out¬ 
crop  region  moves  in  a  general  southeasterly  direction  down  the  dip  of  bedding 
(or,  more  accurately,  down  the  hydraulic  gradient  which,  locally,  may  be  in  a 
different  direction  from  the  dip)  to  discharge  into  overlying  strata  in  areas 
where  its  head  is  lower,  between  the  outcrop  area  and  the  coast,  beyond  the 
coast,  or  both  (Siple,  1957).  Callahan  (1964)  reports  the  average  hydraulic 
gradient  for  the  Tuscaloosa  to  be  2.5  feet  per  mile  over  the  extent  of  the 
aquifer.  However,  Siple  (19b0)  computed  a  hydraulic  gradient  of  14  feet  per 
mile  from  the  recharge  area  at  Aiken,  South  Carolina,  to  the  discharge  area  in 
the  Savannah  River  south  of  Augusta,  Georgia.  Because  the  hydraulic  gradient 
appears  to  be  less  than  1  foot  per  mile  over  the  last  80  miles  to  the  coast 
(Callahan,  1964)  and  the  average  takes  this  into  account,  hydraulic  gradients 
in  the  westernmost  portion  of  the  aquifer  probably  exceed  the  average. 
Consequently,  the  hydraulic  gradient  of  the  Tuscaloosa  formation  is  probably 
greater  than  2.5  feet  oer  mile  in  the  vicinity  of  McEntire  ANG  Base. 
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A  regional  report  addressing  the  quality  of  groundwater  within  the 
Tuscaloosa  is  currently  being  prepared  by  the  South  Carolina  Water  Resources 
Commission  (SCWRC),  however,  this  report  has  not  yet  been  published  and 
similar  reports  are  currently  unavailable  (Clymer,  1985).  A  review  of 
available  literature  pertaining  to  the  Tuscaloosa  formation  has  provided  the 
following  information  regarding  groundwater  quality: 

•  As  groundwater  in  the  Tuscaloosa  moves  toward  the  east,  it  tends  to 
become  harder  and  more  alkaline  because  of  chemical  interaction  with 
the  sediments  through  which  it  flows  (HMTC,  1984). 

a  Excessive  concentrations  of  iron,  chloride,  hydrogen  sulfide,  and 

fluoride,  low  pH  and  hard  water  can  occur  in  groundwater  of  the  South 
Carolina  Coastal  Plain  (Cederstrom,  et  al . ,  1979). 

•  The  iron  content  is  generally  0.35  ppm  or  more  in  Cretaceous  sand 
aquifers  in  a  belt  15  to  20  miles  southeast  of  the  Columbia,  SC 
(McGuinness,  1963). 

•  The  Tuscaloosa  possibly  contains  usable  fresh  water  for  as  much  as  100 
miles  southeast  of  Columbia,  SC  (Callahan,  1964). 

•  The  Tuscaloosa  has  yielded  water  containing  about  1,200  ppm  dissolved 
solids  from  a  well  at  Parris  Island,  SC,  some  110  miles  southeast  of 
Columbia,  SC  (Callahan,  1964). 

From  these  sources,  groundwater  quality  within  the  Tuscaloosa  can  generally  be 
assumed  to  be  good,  with  the  exception  of  potentially  high  concentrations  of 
iron,  fluoride,  chloride,  and  hydrogen  sulfide. 

2.4  LOCAL  GEOLOGY  AND  HYDROGEOLOGY 

The  regional  geologic  and  hydrogeologic  setting  for  McEntire  ANG  Base 
presented  in  the  previous  sections  were  provided  to  serve  as  an  overview  and 
to  aid  in  the  interpretation  of  site-specific  data  gathered  during  this 
investigation.  Local  geologic  and  hydrogeologic  data  obtained  during  the 
field  program  for  the  Phase  II  Stage  1  effort  generally  agrees  with  regional 
trends.  The  few  elements  that  appear  anomalous  result  from  localized 
geomorphic  controls,  not  observed  by  previous  authors,  whose  work  formed  the 
basis  of  the  regional  brief.  This  section  summarizes  the  local  geologic  and 
hydrogeologic  data  that  were  acquired  during  the  field  effort  at  McEntire  ANG 
Base  and  presents  it  in  light  of  regional  trends. 
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2.4.1  Local  Geolo 


Subsurface  materials  at  McEntire  ANG  Base  were  characterized  through  the 
visual  examination  of  split  spoon  samples  collected  during  borehole  drilling 
at  each  of  the  23  monitoring  well  locations.  Lithologic  descriptions  for  the 
subsurface  materials  encountered  at  each  of  the  well  locations  is  provided  in 
the  drilling  logs  contained  in  Appendix  E. 

Generally,  two  regional  stratigraphic  units  were  encountered  through  the 
depth  of  each  borehole:  1)  an  upper  unit  which  generally  consisted  of  a  basal 
layer  of  light  to  heavy  gravel  and  sand  grading  upward  to  relatively  stiff  to 
very  stiff  tan  to  red  sandy  clays  or  silts,  characteristic  of  the  terrace 
deposits  which  encompass  the  general  area  and  2)  a  lower  unit  generally 
consisting  of  light  yellow,  buff  to  white,  micaceous  to  kaolinitic  sands 
interbedded  with  silt  and  clay  (kaolin),  typical  of  the  Tuscaloosa  formation. 
These  units  are  illustrated  in  the  cross  section  shown  in  Figure  2-6. 

In  many  cases  the  basal  gravels  of  the  terrace  deposits  were  disseminated 
in  a  sand  matrix  or  absent  and  the  contact  between  the  terrace  deposits  and 
Tuscaloosa  formation  was  gradational  rather  than  sharp.  In  addition,  because 
of  the  lenticular  and  discontinuous  nature  of  bedding,  the  thickness  and 
extent  of  individual  layers  within  the  terrace  deposits  and  Tuscaloosa 
formation  varied  greatly  within  site  areas  and  between  site  locations  at  the 
base  . 


Based  on  the  elevation  intervals  delineated  by  Colquhoun  (1964)  for  the 
terraces  in  the  general  area,  the  terrace  deposits  which  encompass  approx¬ 
imately  90%  of  the  base  (where  sites  1,  3,  4  and  5  are  located)  are  inter¬ 
preted  as  being  equivalent  to  the  Hazelhurst  (terrace)  formation.  The 
southwest  corner  of  the  base  is  interpreted  to  be  of  the  Coharie  (terrace) 
formation.  The  spatial  relationship  of  the  terraces  and  the  underlying 
Tuscaloosa  formation  is  schematically  illustrated  in  Figure  2-5. 
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An  isopach  map  illustrating  the  estimated  thickness  of  the  Hazelhurst 
terrace  formation  at  McEntire  ANG  Base  was  constructed  from  the  well  boring 
logs  at  Site  Nos.  1,  3,  4,  and  5.  As  is  shown  in  Figure  2-7  the  Hazelhurst 
thickens  from  0  feet  at  its  approximate  southwesternmost  extent  to  over  40 
feet  in  the  northeastern  portion  of  the  base.  The  formation  thickness  and 
extent  are  consistent  with  that  offered  by  Colquhoun  (1965).  In  general,  sand 
and  gravel  occupy  the  lowermost  5  to  15  feet  of  the  formation,  with  silts  and 
clays  occupying  the  uppermost  5  to  35  feet  of  the  formation.  At  Sites  2  and 
6,  the  contact  between  the  Coharie  and  Tuscaloosa  formations  is  gradational. 
The  estimated  thickness  of  the  Coharie  formation  ranges  from  20  to  30  feet, 
with  silt  and  clay  comprising  the  majority  of  the  interval. 

Surface  soils  which  formed  in  the  terrace  deposits  were  noted  to  extend 
to  an  approximate  depth  of  2  to  3  feet  and  consisted  generally  of  soft  to  firm 
tan  to  slightly  silty  fine  and  medium  sandy  clays  or  clayey  sands. 

2.4.2  Local  Hydrogeology 

2. 4. 2.1  Aquifer  Characteristics 

The  upper-most  sandy  layers  of  the  Tuscaloosa  formation  comprise  the  zone 
of  saturation  of  the  prevailing  water  table  aquifer  at  McEntire  ANG  Base.  All 
23  monitoring  wells  installed  at  the  various  study  sites  were  screened  into 
this  interval.  The  basal  gravel  layer  of  the  terrace  deposits,  recommended 
for  monitoring  in  the  Phase  I  report  (HMTC,  1984),  was  found  not  to  be  a  water 
bearing  unit  nor  part  of  the  water  table  aquifer  during  well  installation. 
Therefore,  the  gravel  layer  was  not  monitored  as  part  of  the  Phase  II  Stage  1 
investigation . 

Groundwater  level  data  for  McEntire  ANG  Base  was  obtained  during  monitor¬ 
ing  well  installation.  The  data  revealed  the  shallow  water  table  aquifer  to 
occur  at  an  average  depth  of  approximately  35  feet  below  land  surface  ( BLS ) , 
ranging  from  45  feet  BLS  along  the  southcentral  portion  of  the  base  (in  the 
vicinity  of  Site  No.  3)  to  26  feet  BLS  in  the  southwest  corner  of  the  base 
(near  Site  No.  2),  depending  largely  upon  differences  in  surficial  topography. 
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Figure  2-7.  Isopach  Map  of  the  Hazelhurst  (Terrace)  Formation  at  McEntire  ANG  Base. 
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Table  2-4  provides  a  sunmary  of  static  water  level  measurements  obtained 
during  the  field  program.  These  data  were  used  to  map  the  po ten tiome trie 
surface  of  the  water  table  aquifer  (Figure  2-8).  Because  of  the  relative 
location  of  the  sites  and  wall  clusters,  and  the  overall  sparsity  of  data 
points  at  the  base,  a  water  table  aquifer  po ten tiome trie  surface  map  for  the 
entire  base  could  not  be  constructed.  Data  from  wells  at  Site  No.  4  (Oil  Dump 
Site)  were  not  included  on  the  map  because  that  site's  distance  from  the  other 
sites  could  inaccurately  skew  the  equi-potential  lines  generated.  As  Figure 
2-8  shows,  the  prevailing  direction  of  groundwater  flow  within  the  water  table 
aquifer  is  southwesterly,  toward  Cedar  Creek.  The  maximum  head  differential 
for  the  area  shown  in  Figure  2-8  (roughly  between  Sites  2  and  3)  is 
approximately  25  feet,  yielding  a  hydraulic  gradient  of  approximately  0.625%. 
The  map  also  suggests  that  the  water  table  aquifer  is  discharging  to  Cedar 
Creek,  since  its  po tentiometr ic  surface  along  the  southwestern  portion  of  the 
base  occurs  within  the  elevation  range  for  the  creek. 

2.4. 2. 2  Aquifer  Testing 

Aquifer  tests  were  performed  on  two  downgradient  wells  at  each  site  using 
the  slug  test  method  developed  by  Hvorslev  (1951)  for  partially  penetrating 
wells  under  unconfined  conditions  (see  Appendix  F)  .  Hydraulic  conductivities 
calculated  from  the  field  results  are  shown  in  Table  2-5.  As  they  show,  the 

upper  sands  of  the  Tuscaloosa  formation  at  the  base  had  hydraulic  conductiv- 

•  ■  -4  -3  -3 

lties  ranging  from  1.1  x  10  ft/sec  (3.4  x  10  cm/ sec)  to  1.1  x  10  ft/sec 

-2  ,  —3 

(3.5  x  10  cm/ sec).  Using  an  average  hydraulic  conductivity  of  6  x  10  ft/ 
sec  and  average  hydraulic  gradient  of  0.00625,  the  average  velocity  of 
groundwater  movement  can  be  calculated  using  Darcy's  equation: 

v  =  Kl/n 

where 

v  =  groundwater  velocity  (ft/sec), 

K  =  hydraulic  conductivity  (ft/ sec), 

I  =  hydraulic  gradient  (dimensionless),  and 
n  ■  effective  porosity  (dimensionless). 
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TABLE  2-4.  GROUNDWATER  LEVELS  AT  McENTIRE  ANG  BASE 


w  < 

Nut 

ill 

aber 

Water  Level 

Drilling  Program 

3/27  -  4/18/85 

Sampling  Program 
5/15/85 

Aquifer  Testing 
6/11/85 

Depth 
(FT  BLS)1 

Elevation 
(FT  MSL)2 

Depth 
(FT  BTR)3 

Elevation 
(FT  MSL) 

Depth 
(FT  BTR) 

Elevation 
(FT  MSL) 

MW 

1-1 

40.4 

194.21 

43.00 

193.61 

43.54 

193.07 

MW 

1-2 

40.5 

192.90 

42.75 

192.55 

43.30 

192.00 

MW 

1-3 

40.2 

192.89 

42.65 

192.39 

43.21 

191.83 

MW 

1-4 

41.4 

193.88 

44.40 

192.80 

44.94 

192.26 

MW 

2-1 

33.3 

179.57 

35.50 

179. 12 

35.90 

178.72 

MW 

2-2 

26.6 

180.06 

27.82 

180.84 

28.20 

180.46 

MW 

2-3 

26.2 

177.55 

28.35 

177.40 

28.76 

176.99 

MW 

2-4 

26.4 

176.23 

28.55 

175.93 

28.91 

175.57 

MW 

2-5 

38.0 

177.27 

40.50 

176.57 

40.84 

176.23 

MW 

3-1 

43.5 

196.61 

45.25 

199.86 

45.67 

196.44 

MW 

3-2 

46.0 

193.92 

45.90 

195.97 

46.32 

195.55 

MW 

3-3 

43.0 

194.98 

45.90 

194.18 

45.35 

194.73 

MW 

3-4 

48.5 

192. 11 

45.80 

196.81 

47.12 

195.49 

MW 

4-1 

43.6 

220.68 

45.42 

220.86 

45.80 

220.48 

MW 

4-2 

42.8 

220.86 

45.25 

220.41 

45.64 

220.02 

MW 

4-3 

43.1 

220.17 

44.60 

220.65 

44.85 

219.97 

MW 

4-4 

46.0 

218.41 

45.45 

220.92 

45.81 

220.56 

MW 

5-1 

33.3 

192.69 

35.55 

192.24 

35.98 

191.81 

MW 

5-2 

32.9 

190.70 

35.30 

190.30 

35.72 

189.88 

MW 

5-3 

30.3 

190.29 

33.20 

189.84 

33.64 

189.40 

MW 

6-1 

41.7 

178.41 

43.20 

178.83 

43.54 

178.49 

MW 

6-2 

33.0 

177.40 

34.55 

177.60 

34.95 

177.20 

MW 

6-3 

28.6 

178.38 

31.10 

177.98 

31.45 

177.63 

1  FT  BLS  -  Feet  Below  Land  Surface 

2  FT  MSL  -  Feet  Mean  Sea  Level 

3  FT  BTR  -  Feet  Below  Top  of  Riser 
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Figure  2-8. 
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TABLE  2-5 


AQUIFER  TEST  RESULTS 


Site  No.  Well  No. 


Hydraulic  Conductivity  (K) 
(ft/sec)  (cm/sec) 


1 

MW 

1-2 

4.8 

X 

10-4 

1.4 

X 

icr2 

MW 

1-3 

1.2 

X 

io-4 

3.6 

X 

10“3 

2 

MW 

2-4 

4.9 

X 

10-4 

1.5 

X 

10“2 

MW 

2-5 

3.8 

X 

10“4 

1.1 

X 

10~2 

3 

MW 

3-2 

4.8 

X 

icr4 

1.4 

X 

10-2 

MW 

3-3 

1.1 

X 

icr3 

3.5 

X 

10“2 

4 

MW 

4-2 

1.9 

X 

icr4 

5.7 

X 

10~3 

MW 

4-3 

1.1 

X 

icr4 

3.4 

X 

10"3 

5 

MW 

5-2 

2.3 

X 

icr4 

7.1 

X 

10~3 

MW 

5-3 

4.9 

X 

icr4 

1.5 

X 

10~2 

6 

MW 

6-2 

4.4 

X 

icr4 

1.3 

X 

10-2 

MW 

6-3 

3.2 

X 

icr4 

9.7 

X 

10“3 

See  Appendix  F  for  a  detailed  description  of  the  aquifer  test 
method  used. 
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As  effective  porosity  was  not  measured,  a  value  of  35%  was  assumed  based  upon 
existing  data  on  similar  sands.  The  resultant  calculated  horizontal  velocity 
of  groundwater  movement  in  the  area  shown  in  Figure  2-8  averages  approximately 
9.25  ft/day  or  approximately  3,378  ft/yr. 

2. 4. 2. 3  Aquifer  Recharge 

Recharge  to  the  water  table  aquifer  at  McEntire  ANG  Base  occurs  through 
the  direct  infiltration  of  precipitation  over  the  areal  extent  of  the  base  and 
adjacent  lands.  Callahan  (1964)  estimated  10  inches  of  precipitation 
recharges  the  aquifers  of  the  Tuscaloosa  formation  in  its  outcrop  area  per 
year  (see  Section  2.3).  However,  the  Tuscaloosa  at  the  base  is  overlain  by 
terrace  deposits  with  high  silt  and  clay  contents  that  tend  to  reduce  the 
amount  of  inf i 1 trat ion ,  increase  surface  runoff,  and  therefore  decrease  the 
amount  of  water  available  to  recharge  the  aquifer  system.  In  addition, 
temporary  or  '’perched"  water  table  conditions  commonly  develop  over  the  silt 
and  clay  layers  within  the  upper  surface  soils  and  terrace  deposits  during 
periods  of  heavy  rainfall  (McNair,  Johnson  &  Associates,  1983).  In  these 
instances,  the  direction  of  groundwater  movement  would  likely  be  in  the  dip 
direction  of  the  confining  clay  or  silt  layer,  or  in  the  general  downhill 
direction  of  surface  topography.  Because  of  the  prevailing  dry  weather 
conditions,  perched  water  table  conditions  were  not  encountered  at  the  time  of 
well  installation. 

Vertical  movement  of  water  downward  into  the  water  table  aquifer  beneath 
the  base  is  also  probably  severely  restricted  by  the  relatively  thick,  near 
surface  clay  and  silt  unit  within  the  terrace  deposits.  Because  the  perme¬ 
ability  of  this  unit  is  not  known,  its  effectiveness  as  a  barrier  to  surface 
infiltration  and  groundwater  recharge  cannot  be  evaluated  with  certainty. 
However,  using  conservative  assumptions,  calculations  of  travel  time  through 
the  clay  and  silt  unit  can  be  made  by  again  using  Darcy's  Law. 

-2 

Based  on  the  following  assumptions,  K  =  2.8  x  10  ft/day  (Freeze  and 
Cherry,  1979),  1=1  (EPA,  1983),  n  =  0.50  (Freeze  and  Cherry,  1979),  the 
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calculated  velocity  (v)  of  flow  through  the  clay  unit  would  be  5.6  x  10 
ft/day.  Travel  time  may  then  be  computed  by  using: 

t  =  1  /  v 

where 


t  =  travel  time,  and 

1  =  length  of  flow  path  (thickness  of  the  unit  in  feet). 

The  clay  and  silt  unit  of  the  terrace  formation  averages  approximately 
20  feet  in  thickness  beneath  the  sites  at  the  base,  ranging  from  12  feet  at 
Site  No.  5  (C-141  Spill  Trench)  to  approximately  35  feet  at  Site  No.  4  (Oil 
Dump  Site).  Using  the  above  formula,  calculated  travel  times  through  the  unit 
would  range  from  214  days  (0.59  yrs)  to  625  days  (1.71  yrs),  and  would  average 
approximately  1  year.  In  a  worse  case  analysis,  groundwater  would  move 
through  the  clay  and  silt  unit  in  the  time  intervals  indicated.  However, 
these  travel  time  estimates  do  not  consider  such  factors  as  chemical  charac¬ 
teristics  (e.g.,  viscosity,  density)  and  various  attenuation  processes  (e.g., 
soil  adsorption,  chemical  degradation).  Therefore,  chemical  constituents 
being  carried  by  the  groundwater  at  any  of  the  sites  would  likely  increase  the 
water's  migration  time  through  the  clay  and  silt  unit. 

2. 4. 2. 4  Local  Water  Use 

Water  used  by  McEntire  ANG  Base  and  surrounding  residences  is  acquired 
from  wells  that  penetrate  deeper  confined  sand  layers  within  the  Tuscaloosa 
formation  (HMTC,  1984).  Definitive  information  regarding  the  extent  and 
hydraulic  characteristics  of  the  deeper  sand  aquifers  and  the  confining  units 
in  the  vicinity  of  McEntire  ANG  Base  is  lacking.  A  well  boring  log  (Appendix 
E) ,  well  construction  data  (Table  2-6)  for  the  base's  water  supply  wells 
(Figure  2-9),  and  the  Phase  I  report,  provide  the  only  source  of  definitive 
local  information  available.  A  report  is  presently  being  prepared  by  the 
South  Carolina  Water  Resources  Commission  (SCWRC)  that  will  characterize  the 
quality,  depth,  and  direction  of  groundwater  movement  in  the  area  of  McEntire 
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TABLE  2-6.  SUMMARY  OF  WELL  CONSTRUCTION  DATA 
FOR  BASE  WATER  SUPPLY  WELLS 


Well  Number 

Depth  to  Bottom 
of  the  Well 
(ft.  BLS ) 

Elevation  of 

To p  of  Well 
(ft.  MSL) 

Elevation  of 
Static  Water  Level 
(ft.  MSL/Date) 

Depth  of 
Screened 

In  terval 
(ft.  BLS) 

W-l 

120 

220 

175/  unknown 

70-170 

W-2 

160 

220 

175/12-5-42 

12-10-42 

80-35 

100-105 

150-160 

Source:  Phase 

I  report  (HMTC, 

1984) 

Figure  2-9.  Map  Showing  the  Location  of  Water  Supply  Wells  at  McEntire  AIVIG  Base. 
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ANG  Base;  unfortunately ,  this  report  has  not  yet  been  published  and  similar 
reports  are  not  currently  available. 

2.4. 2. 5  Summary  of  Local  Hydrogeology 

According  to  the  Phase  I  report  (HMTC,  1984)  the  elevation  of  the  sand 
layers  which  comprise  the  deep  aquifers  at  McEntire  ANG  Base  vary  throughout 
the  interval  from  60  to  140  feet  above  mean  sea  level  (MSL),  which  is  approx¬ 
imately  90  to  160  feet  below  land  surface  (BLS).  The  static  water  elevations 
recorded  in  the  base  wells,  whose  screened  intervals  are  coincident  with  the 
sandy  layers  (Table  2-6),  varies  from  175  to  203  feet  above  MSL,  or  from  45  to 
30  feet  BLS.  These  data  indicate  that  the  sandy  layers  are  hydraulically 
pressurized  as  evidenced  by  the  fact  that  the  static  water  elevations  in  the 
wells  (whose  screened  intervals  are  coincident  with  the  sandy  zones),  occurs 
at  a  higher  elevation  than  that  of  the  top  of  the  sand  layers.  These  sand 
layers,  therefore,  may  appropriately  be  classified  as  artesian  aquifers. 

Based  on  the  regional  hydrogeologic  setting  (see  Section  2.3)  the 
direction  of  groundwater  flow  within  the  deep  aquifers  at  the  base  is  probably 
from  west  to  east  in  response  to  an  eastwardly  decline  in  the  hydraulic  head 
within  the  Tuscaloosa  formation.  Local  fluctuations  of  this  flow  direction  in 
response  to  heavy  pumping  of  wells,  such  as  the  base  supply  wells,  is  likelv, 
in  trtiich  case  groundwater  movement  would  be  toward  the  pumped  wells.  Because 
of  the  prevailing  southeasterly  dip  of  bedding  for  the  Tuscaloosa  formation, 
recharge  to  the  deeper  aquifers  probably  occurs  northwest  of  the  base  where 
the  formation  outcrops  at  the  surface  and  where  the  deeper  sand  layers  become 
surficially  exposed. 

Whether  the  shallow  water  table  aquifer  and  the  deep  aquifers  at  McEntire 
ANG  Base  are  in  hydraulic  communication  cannot  be  ascertained  with  certaintv, 
based  on  available  hydrogeologic  information.  However,  the  probability  of 
such  communication  is  low  because  available  information  indicates  the  deeper 
aquifers  are  confined  by  relatively  impermeable  clay  and  silt  layers  and  the 
natural  vertical  hydraulic  gradient  within  the  deep  aquifers  is  upward.  The 
installation  of  deep  aquifer  observation  wells  and  the  performance  of  pump 
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tests  on  the  base  supply  wells  would  be  necessary  in  order  to  more  fully 
evaluate  the  hydraulic  charac ter istics  of  the  deep  aquifers.  Local  discon¬ 
tinuities  with  the  confining  layers  and  changes  in  the  vertical  component  of 
groundwater  flow  due  to  heavy  pumping  of  the  base's  supply  wells  may  also 
facilitate  the  downward  migration  of  groundwater  and  contaminants. 


Groundwater  quality  data  for  the  deep  aquifer  takes  the  form  of  a  single 
sample  obtained  from  the  base’s  water  supply  well  W-l  (Figure  2-9)  on  5/17/89 
by  the  SCWRC.  The  results  of  the  water  quality  analysis  are  summarized  below 


pH  =  5.6  std.  units 
Chloride  =  3.46  mg/ 1 
Fluoride  *  0.02  mg/1 
Sulfate  =  2.89  mg/ 1 
Calcium  (total)  =  0.92  mg/1 
Iron  (total)  =219  ug/ 1 


Magnesium  (total)  =  0.45  mg/1 
Potassium  (total)  =  0.27  mg/ 1 
Silica  (dissolved)  =  5.56  mg/ 1 
Silicon  (dissolved)  =  2.60  mg/ 1 
Sodium  (total)  =  3.9  mg/ 1 
Spec i fic 

Conductance  =  25  umhos/cm 


Neither  the  shallow  water  table  aquifer  or  the  deep  confined  aquifers  of 
the  Tuscaloosa  formation  have  been  classified  as  sole  source  aquifers. 

2.5  SITE  HISTORIES  AND  HYDROGEOLOGY 

The  following  sections  provide  descriptions  of  the  waste  disposal 
activities  and  the  hydrogeologic  conditions  at  each  of  the  sites  investigated 
for  the  Phase  II  Stage  1  effort  at  Me  Entire  ANG  Base. 

2.5.1  Site  No.  1:  No.  5  Fire  Training  Area 

This  site  is  the  current  location  of  the  base's  fire  department  training 
area.  The  site  consists  of  an  unlined  oval  shaped  pit,  approximately  1  foot 
in  depth  and  60  x  75  feet  in  dimension,  located  in  a  relatively  flat  open  area 
in  the  southern  portion  of  the  base  (Figure  2-10).  An  estimated  63,000 
gallons  (gals)  of  waste  oil,  solvents,  JP-4,  brake  fluid,  transmission  fluid, 
paint  thinner  or  strippers,  hydraulic  fluid  and  other  combustible  waste 
materials  were  disposed  and  ignited  at  this  site  for  fire  training  purposes 
since  1970.  An  estimated  12,600  gals  of  waste  liquids  still  remain  at  the 
site  (HMTC,  1984).  Standing  water,  scrap  metal,  and  floating  fuel  residues, 
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Scale  in  Feet 


Figure  2-10.  Site  No.  1:  No.  5  Fire  Training  Area. 


which  imparted  a  pronounced  hydrocarbon  odor  downwind  of  the  site,  were 
observed  during  the  initial  Phase  II  survey  of  the  site.  Also  observed  were 
discolored  soils  extending  2  to  3  feet  beyond  the  limits  of  the  pit  and  a 
natural  breach  in  the  western  rim  of  the  pit  (caused  by  rainfall  overflow), 
which  allowed  its  contents  to  spill  into  a  slight  depression  in  the  sur¬ 
rounding  field.  The  site  received  an  overall  HARM  Score  of  69. 

Four  water  table  aquifer  monitoring  wells  were  installed  around  this  site 
to  investigate  groundwater  quality  and  movement  and  to  obtain  si te- spec i f ic 
geologic  and  hydrogeologic  data.  The  stratigraphy  of  the  interbedded  uncon¬ 
solidated  Coastal  Plain  deposits  beneath  the  site,  as  interpreted  from  these 
wells'  logs,  is  depicted  in  Figure  2-11.  Surface  soils  at  the  site  extend  to 
a  depth  of  approximately  3  feet  and  consist  of  brown,  soft,  slightly  silty  to 
clayey,  fine  to  medium  sands.  Below  these  surface  soils,  to  a  depth  of 
approximately  20  feet,  extend  less  permeable,  stiff  to  very  stiff  reddish 
brown  sandy  clays  and  silts  which  grade  to  an  additional  10  feet  of  coarse 
sands  and  gravel.  This  uppermost  30  feet  of  material  is  characteristic  of  the 
Hazelhurst  (terrace)  formation,  which  encompasses  the  general  area.  This  is 
exemplified  by  the  datum  elevation  of  the  gravel  layer  present  in  MW1-1  and 
MW1-2  (approximately  210  and  215  feet  MSL,  respectively),  and  the  gradational 
sequence  (fining  upward)  of  the  overlying  materials  at  the  site.  The  basal 
gravel  layer  of  the  Hazelhurst  (terrace)  formation  which  appeared  in  wells 
MW1-1  and  MW1-2  did  not  appear  in  wells  MW1-3  and  MW1-4.  From  approximate! v 
30  feet  below  land  surface  to  the  terminal  depth  of  the  borings  ( approximate! v 
65  feet  below  land  surface),  extended  white  to  buff  fine  to  medium  kaolinitic 
sands  interbedded  with  thin  layers  of  clay  or  kaolin.  In  addition,  very  thin 
gravel  layers  (approximately  2  to  3  inches  in  thickness)  occur  within  these 
sediments  at  well  MW1-3.  This  lower  30  to  35  feet  of  material  penetrated  was 
consistent  with  the  regional  descriptions  of  the  Tuscaloosa  formation  (see 
Section  2.2). 

The  presence  or  absence  of  individual  layers  between  well  locations  at 
this  site  is  indicative  of  the  lenticular  and  discontinuous  nature  of  bedding 
which  is  characteristic  of  these  Coastal  Plain  formations. 
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The  zone  of  saturation  of  the  water  table  aquifer  at  Site  No.  1  occurs 

within  the  upper  sands  of  the  Tuscaloosa  formation.  The  water  table  lies 

approximately  42  feet  beneath  the  site  and  is  relatively  flat.  The  maximum 

range  in  static  water  elevations  (193.07  to  191.83  feet  MSL) ,  between  wells 

MW1-1  and  MW1-3,  respectively,  yields  a  maximum  head  differential  of  1.24  feet 

and  a  hydraulic  gradient  of  approximately  0.5%.  The  direction  of  groundwater 

flow  within  this  aquifer  is  southwesterly,  toward  Cedar  Creek.  The  hydraulic 

conductivity  of  these  Tuscaloosa  sands,  as  determined  from  aquifer  tests  at 

-2  -2 

wells  MW1-2  and  MW1-3,  ranges  from  4.8  x  10  ft/sec  (1.4  x  10  cm/ sec)  to 
-4  -3 

1.2  x  10  ft/sec  (3.6  x  10  cm/ sec),  respectively  (see  Section  3.2.3). 
Assuming  an  effective  porosity  of  35%,  the  calculated  horizontal  velocity  of 
groundwater  flow  would  at  Site  No.  1  ranges  from  0.15  ft/day  (54  ft/yr)  to  0 . 6 
ft/day  (216  ft/yr). 

2.5.2  Site  No.  2:  No.  1  Fire  Training  Area/Sanitary  Landfill  Site 

The  No.  1  Fire  Training  Area,  of  which  no  visible  traces  remain  (HMTC, 
1984),  consisted  of  a  shallow,  airplane-shaped  trench  in  a  forested  area 
adjacent  to  the  base's  sanitary  landfill  (Figure  2-12).  Visible  traces  of 
this  training  area  do  not  remain  (HMTC,  1984).  Firefighting  exercises  took 
place  two  or  three  times  monthly  at  this  site  from  1947  until  the  mid-1950's. 
According  to  the  Phase  I  report,  an  estimated  16,000  gallons  of  liquid  waste 
material  were  disposed  in  this  area  during  this  period.  Typically,  one 
55-gallon  drum  of  mixed  hydrocarbon  solvents,  waste  motor  oils,  and  contam¬ 
inated  100-octane  fuel  was  ignited  during  such  exercise.  Of  the  16,000  gal¬ 
lons  disposed  at  the  site,  an  estimated  80%  was  consumed  by  fire;  therefore, 
3,200  gallons  are  estimated  to  have  remained  at  the  site.  This  site  received 
a  HARM  Score  of  67.  Because  visible  traces  of  this  training  area  do  not 
remain  and  because  of  its  reported  close  proximity  to  the  Sanitary  Landfill, 
the  No.  I  Fire  Training  Area  was  included  with  the  Sanitary  Landfill  as  a 
single  monitoring  site  area. 

The  adjacent  Sanitary  Landfill  comprises  an  area  of  approximately  2  acres 
at  the  end  of  Arizona  Road  near  the  railway  forming  the  southern  boundary  of 
the  base  (Figure  2-12).  The  landfill  was  operated  from  1  947  until  its  closure 
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Figure  2-12.  Site  No.  2:  No.  1  Fire  Training  Area/Sanitary  Landfill  Site. 
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The  predominant  solid  wastes  disposed  at  this  site  were  paper  and 
domestic  refuse,  old  wood  from  demolished  structures,  general  construction 
rubble,  and  a  variety  of  empty  or  partially  filled  small  (5  to  20  gallon) 
containers.  Disposed  containers  were  mostly  empty  solvent,  paint  and 
pesticide  cans,  although  many  contained  hardened  paint  or  polyurethane.  For 
an  undetermined  period  (from  at  least  1960  until  1970)  approximately  15 
gallons  per  year  of  used  paints,  strippers,  and  thinners  from  the  Motor  Pool 
were  packaged  in  5-gallon  containers  and  placed  in  the  landfill. 

Open  burning  of  trash  was  a  standard  procedure  at  the  landfill  for  two 
decades,  with  5  to  30  gallons  of  waste  motor  oil,  lubricating  oils,  and  fuel 
routinely  added  to  the  refuse  each  week  to  stimulate  and  maintain  the  fires. 
Ninety  percent  of  this  liquid  waste  is  assumed  to  have  been  destroyed  by  fire, 
as  compared  to  only  802  consumption  for  the  fire  department  training  areas 
because  attempts  were  not  made  to  extinguish  the  fires.  Assuming  an  average 
liquid  disposal  volume  of  15  gallons  per  week  during  the  20-year  duration  of 
burning  at  the  landfill,  and  the  probability  that  at  least  90%  of  this  waste 
was  destroyed  by  fire,  a  total  waste  residual  of  approximately  1,600  gallons 
may  have  remained  at  this  site. 

The  practice  of  burning  was  discontinued  in  1967  when  burial  procedures 
were  instituted.  Two  parallel  trenches  (14  feet  wide,  8  feet  deep,  and 
several  hundred  feet  long)  were  excavated,  and  trash  was  unloaded  from 
dumpsters  and  compacted  and  covered  with  dirt  using  heavy  equipment  until  the 
trenches  were  gradually  filled.  A  few  incidents  of  spontaneous  combustion 
reportedly  occurred  during  the  initial  period  of  landfilling  operation,  but 
there  is  no  evidence  that  any  other  unusual  events  took  place  in  subsequent 
years.  Landfilling  operations  ceased  in  1980  when  trash  removal  services  were 
procured  from  a  private  contractor. 

Visual  in«n»rf ion  of  the  area  revealed  that  the  site  had  been  used 
infrequently  for  minor  dumping  since  closure.  Items  scattered  in  localized 
areas  on  the  landfill  surface  included  an  empty  5-gallon  paint  thinner  can, 
several  small  motor  oil  and  antifreeze  containers,  a  refrigerant  filter 
canister,  several  dozen  50-ml  vials  filled  with  an  organidinn  dry  solution, 
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and  several  small  piles  of  waste  runway  seam-sealing  strips.  No  visible 
contamination  of  the  soil  or  reduced  plant  growth  was  observed  in  any  portion 
of  this  former  landfill  site.  There  was  no  visual  evidence  that  any  empty  or 
full  55-gallon  drums,  battery  casings,  or  radioactive  wastes  of  any  kind  were 
ever  placed  in  the  landfill.  The  bottoms  of  the  trenches  are  reportedly  red 
clay,  and  groundwater  was  apparently  never  encountered  during  landfilling 
operations.  Surface  runoff  from  the  site  drains  in  an  easterly  direction  into 
a  drainage  swale  located  along  the  eastern  border  of  the  site  (Figure  2-12). 
The  site  received  a  total  HARM  Score  of  57. 

Five  shallow  aquifer  monitoring  wells  were  installed  around  the  No.  1 
Fire  Training/ Sanitary  Landfill  area  (Site  No.  2)  to  investigate  the  potential 
subsurface  movement  of  contaminants  and  to  obtain  site-specific  geologic  and 
hydrogeologic  information.  Figure  2-13  illustrates  the  stratigraphy  beneath 
Site  No.  2  in  cross  section.  An  estimated  thickness  of  20  to  30  feet  of  the 
Coharie  (terrace)  formation,  predominantly  reddish  yellow  to  reddish  brown, 
poorly  sorted,  stiff,  sandy  silty  clay,  was  penetrated  during  well  instal¬ 
lation  at  this  site.  The  upper  sands  of  the  Tuscaloosa  formation  occur  as 
buff  to  yellow  kaolinitic  sands,  and  helped  to  define  the  Coharie-Tuscaloosa 
formation  interface  at  approximately  190  ft  MSL  beneath  the  site.  Interbeds 
of  kaolin  several  inches  in  thickness  were  observed  in  the  lowermost  portion 
of  the  Tuscaloosa  formation  at  each  of  the  monitoring  well  locations. 

Static  water  levels  in  the  wells  installed  around  the  site  ranged  from 
26.35  ft  BLS  at  well  W2-3  to  38.50  feet  BLS  at  well  MW2-5.  The  observed 
variations  in  depth  to  static  water  are  largely  the  result  of  differences  in 
topography  rather  than  variations  in  po ten tiome trie  surface.  Water  table 
elevations  at  the  two  previously  mentioned  well  locations  were  175.9  and  189.8 
feet  above  MSL,  respectively.  This  yields  a  maximum  head  differential  of  4.9 
feet  and  a  hydraulic  gradient  of  0.43%.  The  horizontal  hydraulic  conductivity 
of  the  upper  sands  of  the  Tuscaloosa  formation  beneath  the  site,  as  determined 
from  aquifer  tests  performed  on  downgradient  wells  MW2-4  and  MW2-5,  ranges 
from  4.9  x  10  ft/sec  (1.5  x  10  ^  cm/ sec)  to  3.8  x  10  ^  ft/sec  (1.1  x  10  ^ 
cm/ sec),  respectively  (see  Section  3.2.3).  Assuming  an  effective  porosity  of 
35%  for  the  sands  of  the  Tuscaloosa  formation,  the  calculated  horizontal 
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Figure  2-13.  Geologic  Cross  Sections  For  Site  No.  2:  No.  1  Fire  Training 
Area/Sanitary  Landfill. 
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velocity  of  groundwater  flow  would  range  from  0.40  ft/ day  (147  ft/vr)  to  0.12 
ft/day  (190  ft/yr). 


2.5.3  Site  No,  3:  Y-Storage  Area 

The  Y-Storage  Area  is  located  adjacent  to  the  main  hanger,  building  Mo. 
253  (Figure  2-14),  and  has  been  in  use  since  1974.  The  site  consists  of  a 
concrete  pad  approximately  40  feet  wide  wrtiere  drums  containing  flammable 
liquid  waste  materials  were  stored  prior  to  their  use/disposal  at  Site  No.  1 
(No.  5  Fire  Training  Area)  for  fire  training  purposes.  The  concrete  pad  and 
the  ground  immediately  adjacent  to  the  pad  have  been  saturated  with  chemicals 
as  a  result  of  chronic  minor  spillage.  The  total  volume  of  liquid  waste 
materials  spilled  at  the  site  is  not  known,  and  no  large  spill  incidents  were 
ever  reported  at  this  site.  Vegetative  growth  in  the  chemically  saturated 
zones  is  sparse.  The  land  area  surrounding  the  site  is  relatively  flat,  with 
no  obvious  pathways  for  runoff  to  enter  a  nearby  drainage  ditch.  The  site 
received  a  total  HARM  Score  of  56. 

Four  water  table  aquifer  monitoring  wells  were  installed  around  this  site 
to  investigate  the  potential  subsurface  movement  of  contaminants.  Boring  logs 
for  these  wells  appear  in  Appendix  E.  Cross  sections  (Figure  2-15)  con¬ 
structed  from  those  logs  illustrate  the  subsurface  geology  at  the  site.  As 
the  cross  sections  show,  a  coarse  sand  and  gravel  layer,  approximately  7  feet 
in  thickness,  underlies  the  site  at  a  depth  of  20  to  25  feet  BLS.  This  laver 
represents  the  basal  unit  of  the  Hazelhurst  (terrace)  formation.  Above  the 
gravel  unit  lies  a  stiff  to  very  stiff  reddish  yellow  to  reddish  brown  clav 
and  silt  layer. 

Below  the  Hazelhurst  gravel  layer  are  the  buff  to  white  sands  of  the 
Tuscaloosa  formation.  These  Tuscaloosa  sands  grade  to  include  an  increasing 
percentage  of  kaolinitic  clay  and  clayey  silt  with  depth.  At  well  locations 
MW3-2  and  MW3-3,  approximately  8  feet  of  stiff  kaolinitic  clay  (kaolin)  was 
encountered  at  the  bottom  of  the  penetrated  interval.  Subsequently,  less  than 
20  feet  of  screen  was  installed  for  these  wells  (Figure  2-15).  Because  this 
clay  layer  was  not  encountered  in  wells  MW3-1  and  MW3-4,  the  clay  layer 
appears  to  be  laterally  discontinuous  to  the  north. 


I 


Figure  2-14.  Site  No.  3:  Y-Storage  Area. 
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Figure  2-15.  Geologic  Cross  Sections  For  Site  (Mo.  3:  Y-Storage  Area. 
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The  upper  sands  of  the  Tuscaloosa  formation  comprise  the  water  table 
aquifer  at  the  site.  The  water  table  occurs  at  an  average  depth  of  approx¬ 
imately  44  feet  BLS  and  ranges  in  elevation  from  194.73  feet  MSL  at  MW3-3  to 
196.44  feet  MSL  at  MW3-1 .  This  maximum  head  differential  is  thus  1.71  feet 
and  the  hydraulic  gradient  is  0.46%.  The  horizontal  hydraulic  conductivity  of 
the  upper  sands  of  the  Tuscaloosa  formation  beneath  the  site,  as  determined 
from  aquifer  tests  performed  on  downgradient  wells  MW3-2  and  MW3-3,  ranges 
from  4.8  x  10  ^  ft/sec  (1.4  x  10  ^  cm/ sec)  to  1.10  x  10  ^  ft/sec  (3.5  x  10  " 
cm /  sec),  respectively  (see  Section  3.2.3).  Assuming  an  effective  porosity  of 
35%  for  the  sands  of  the  Tuscaloosa  formation,  the  calculated  horizontal 
velocity  of  groundwater  flow  would  range  from  0.55  ft/day  (199  ft/yr)  to  1.25 
ft/day  (456  ft/yr).  The  direction  of  groundwater  movement  beneath  the  site  is 
southwest  toward  Cedar  Creek. 

2.5.4  Site  No.  4:  Oil  Dump  Site 

This  site  consists  of  a  visible  oil  patch  on  the  ground  surface  at  the 
end  of  an  abandoned  road  near  the  northern  base  boundary  (Figure  2-16).  The 
visible  oil  patch  measures  approximately  30  feet  in  width  and  50  feet  in 
length  and  is  not  vegetated  although  stunted  plant  growth  was  observed  around 
the  periphery  of  the  area.  The  oily  substance  was  consolidated  with  sand 
throughout  the  greater  portion  of  the  area  and  is  most  obvious  in  saturated 
leaf  litter.  A  distinct  hydrocarbon  odor  is  apparent  in  the  immediate  area. 
Erosion  of  the  flat  surface  appears  minimal  and  there  is  no  obvious  pathwav 
for  runoff  to  exit  the  area  in  a  concentrated  flow.  Surface  soils  at  the  site 
are  comprised  predominantly  of  sand;  therefore,  the  material  disposed  at  this 
site  probably  percolated  directly  into  the  ground. 

This  was  once  the  site  of  the  officers'  quarters  when  the  Armv  Air  Corns 
controlled  the  base,  but  the  structures  were  removed  before  1947  and  this 
portion  of  the  base  was  never  further  developed.  Whether  liquid  wastes  other 
than  oil  were  disposed  at  this  site  is  not  known.  In  addition,  neither  the 
total  volume  of  liquid  waste  materials  disposed,  or  the  period  of  existence  of 
the  site  are  known.  The  site  received  a  total  HARM  Score  of  56. 
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Figure  2-16.  Site  No.  4:  Oil  Dump  Site. 


Four  shallow  water  table  aquifer  monitoring  wells  were  installed  around 
the  site  to  investigate  the  potential  subsurface  movement  of  contaminants  and 
to  obtain  site-specific  geologic  and  hydrogeologic  information.  C^ocs 
sections  (Figure  2-17)  constructed  from  the  boring  logs  for  those  monitoring 
wells  (Appendix  E)  illustrate  the  subsurface  geology  at  the  site. 

In  general,  surface  soils  at  the  site  extend  to  a  depth  of  2  to  3  feet 
and  consist  of  tan,  soft,  slightly  silty,  fine  to  medium  sand.  Below  the 
surface  soils,  to  a  depth  of  approximately  40  feet,  extend  less  permeable, 
stiff,  reddish  brown,  sandy  clay  or  sandy  silt,  which  grade  with  depth  to 
clay.  Below  the  clay  extends  generally  loose,  brownish  yellow  to  white, 
slightly  silty  or  slightly  clayey  medium  to  coarse  sands  containing  thin  (1 
inch  or  less)  kaolinitic  clay  (kaolin)  layers. 

The  extensive  (40  to  45  feet  thick)  near  surface  silt  and  clay  unit  which 
underlies  the  site  is  characteristic  of  the  Hazelhurst  (terrace)  formation. 

In  the  lowermost  portion  of  these  reddish  brown  silts  and  clays,  a  coarse  sand 
lense  approximately  4  feet  in  thickness  was  observed  in  wells  MW4-1 ,  MW4-2 , 
and  MW4-4.  The  basal  sands  and  gravels  of  the  Hazelhurst  (terrace)  formation 
observed  elsewhere  on  the  base  were  not  present  at  this  site.  Two  possible 
explanations  exist  for  this  anomaly:  either  the  thin  sand  lense  previouslv 
mentioned  is  equivalent  to  the  coarse  basal  fraction  of  the  Hazelhurst  seen 
elsewhere,  or  the  paleoslope  (surface  of  the  Tuscaloosa  formation)  upon  which 
the  Hazelhurst  was  deposited  prevented  coarser  gtained  deposition  in  the  more 
landward  extent  of  the  terrace  . 

Sandy  deposits  underlying  the  silt  and  clay  deposits  (from  approximately 
220  feet  MSL  to  the  terminal  depth  of  each  boring)  are  characteristic  of  the 
Tuscaloosa  formation.  Those  upper  sands  of  the  Tuscaloosa  formation  comprise 
the  water  table  aquifer  at  the  site.  The  water  table  occurs  at  an  average 
depth  of  approximately  44  feet  BLS  and  is  relatively  flat.  Static  water  level 
elevations  ranged  from  220.56  feet  MSL  in  MW4-4  to  219.97  feet  MSL  in  MW4-3, 
yielding  a  maximum  head  differential  of  approximately  0.6  feet  and  a  hvdraulic 
gradient  of  approximately  0.4^.  The  horizontal  hydraulic  conductivity  of  the 
unit,  as  determined  from  site  aquifer  tests  performed  on  wells  MW4-2  and 
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Figure  2-17.  Geologic  Cross  Sections  For  Site  No.  4:  Oil  Dump  Site. 
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M/4-3,  ranges  from  1.9  x  10  ft/sec  (5.7  x  10  cm/ sec)  to  1.1  x  10  ft/sec 
—3 

(3.4  x  10  cm/sec),  respectively  (see  Section  3.2.3).  Assuming  an  effective 
porosity  of  35^  for  the  sands  of  the  Tuscaloosa  formation,  the  calculated 
horizontal  velocity  of  groundwater  flow  would  range  from  0.11  ft/day  (40  ft/ 
yr)  to  0.19  ft/day  (69  ft/yr).  The  direction  of  groundwater  flow  is  to  the 
southwest,  toward  Cedar  Creek. 


2.5.5  Site  No . 


C-141  Spill  Trench 


Contamination  at  this  site  occurred  as  the  result  of  the  only  major 
hazardous  liquid  spill  on  record  at  McEntire  ANG  Base.  According  to  the  Phase 
I  report  (HMTC,  1984),  the  spill  occurred  on  the  afternoon  of  7  March  1982, 
when  an  estimated  9,000  gallons  of  JP-4  was  released  from  a  burning  C-141 
aircraft.  Most  of  the  fuel  was  consumed  in  the  fire  on  the  ramp,  but  some 
entered  the  underground  storm  conduits  and  flowed  into  an  open  drainage  ditch 
running  parallel  to  Mississippi  Road  (Figure  2-18).  As  the  fuel  burned,  an 
earthen  dam  was  constructed  approximately  one-half  mile  frcm  the  spill  site 
immediately  upstream  of  the  confluence  with  a  second  drainage  ditch.  The 
fires  were  extinguished  that  evening.  On  the  following  day,  the  residual 
amounts  of  fuel  observed  downstream  of  the  dam  and  a  portion  of  the  fuel 
behind  the  dan  were  collected  using  absorbent  pads.  After  consultation  with 
the  South  Carolina  Department  of  Health  and  Environmental  Control  (SCDHEC), 
the  majority  of  the  remaining  fuel  was  burned  and  the  rest  absorbed.  Less 
than  5%  (450  gallons)  of  the  original  9,000  gallons  was  estimated  to  remain  at 
this  site  subsequent  to  the  burning  and  cleanup  efforts.  An  inspection 
performer  oy  an  SCDHEC  representative  confirmed  that  fuel  had  not  left  the 
base.  After  the  temporary  earthen  dam  was  broken,  a  straw  dike  was 
constructed  and  remained  in  place  for  several  weeks  to  absorb  anv  remaining 
fuel.  No  visible  traces  of  hydrocarbon  contamination  in  the  water,  sediments, 
or  adjacent  vegetation  were  observed  during  the  initial  Phase  II  survev  of  the 
site.  The  site  received  an  overall  HARM  Score  of  54. 
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Figure  2-18.  Site  No.  5:  C-141  Spill  Trench. 
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Three  shallow  water  table  aquifer  monitoring  wells  were  installed  at  the 
downgradient  end  of  the  trench  near  the  temporary  dam  location  (where  the 
greatest  concentration  of  the  fuel  was  assumed  to  have  collected)  to  investi¬ 
gate  the  potential  subsurface  movement  of  contaminants  and  to  obtain  site- 
specific  geologic  and  hydrogeologic  information.  Cross  sections  (Figure  2-19) 
constructed  from  the  boring  logs  for  the  monitoring  wells  (Appendix  E ) 
illustrate  the  subsurface  geology  of  the  site. 

In  general,  surface  soils  at  the  site  extend  to  a  depth  of  approximately 
2  to  3  feet  and  consist  of  yellowish  red,  slightly  silty  to  clayey  fine  to 
medium  sand.  Below  the  surface  soils,  to  a  depth  of  10  to  15  feet,  extend 
less  permeable,  stiff  to  very  stiff,  reddish  brown,  sandy  to  silty  clay. 

Below  the  clay  layer  extends  a  coarse  sand  and  heavy  gravel  layer,  varying  in 
thickness  from  approximately  7  feet  in  well  MW5-3  to  12  feet  in  well  MW5-1  . 
Below  the  gravel  layer  generally  extends  yellow  to  white  silty  to  kaolinitic, 
medium  to  coarse  sands  containing  thin  clay  layers.  Based  on  Colquhoun 
(1965),  the  heavy  gravel  layer  and  overlying  silt  and  clay  deposits  are 
interpreted  to  be  of  the  Hazelhurst  (terrace)  formation.  The  underlying  sands 
are  characteristic  of  the  Tuscaloosa  formation  (see  Section  2.2). 

The  clay  content  (primarily  kaolinite)  of  the  sands  of  the  Tuscaloosa 
formation  increased  with  depth  at  well  locations  MW5-2  and  MW5-3  to  a  depth  of 
approximately  44  feet  BLS ,  where  a  relatively  thick  layer  of  kaolin  was 
encountered.  To  determine  the  potential  thickness  of  this  layer  and  to 
evaluate  Aether  the  installation  of  20  feet  of  screen  at  these  well  locations 
(as  specified  in  the  Work  Scope)  would  be  appropriate,  the  borings  were 
extended  approximately  7  to  10  feet  into  the  layer.  However,  changes  in 
lithology  were  not  observed,  consequently,  the  bore  hole  for  each  of  these  was 
backfilled  with  bentonite  pellets  to  the  top  of  the  kaolin  layer  to  reseal  the 
layer  and  avoid  any  potential  for  the  downward  migration  of  contaminants.  The 
wells  wre  then  installed  to  the  top  of  the  kaolin  layer  (see  Figure  2-19). 

The  kaolin  layer  encountered  in  the  borings  for  wells  MW5-2  and  MW5-3  was  not 
encountered  in  >W5-1 ,  indicating  this  layer  to  be  horizontally  discontinuous 
( in  a  northward  direction)  beneath  the  site.  The  extent  of  this  layer  in  a 
southwesterly  (downgradient)  direction  cannot  be  determined  from  the  data 
avail  able . 
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Figure  2-19.  Fence  Diagram  For  Site  Mo.  5:  C-141  Spill  Trench. 


The  upper  sands  of  the  Tuscaloosa  formation  comprise  the  zone  of 
saturation  of  the  prevailing  water  table  aquifer  beneath  the  site.  The  water 
table  occurs  at  an  average  depth  of  approximately  34  feet  BLS,  and  ranges  in 
elevation  from  189.4  feet  MSL  at  *W5-3  to  191.8  feet  MSL  at  MW5-1 ,  yielding  a 
maximum  head  differential  of  2.4  feet  and  a  hydraulic  gradient  of  1.07’';.  The 
hydraulic  conductivity  of  the  sands  of  the  Tuscaloosa  formation  beneath  the 

site,  as  determined  from  aquifer  tests  performed  on  downgradient  wells  MW6-2 

-4  -3  -4 

and  MW 5-3 ,  ranges  from  2.3  x  10  ft/ sec  (7.1  x  10  cm/ sec)  to  4.9  x  10 

ft/ sec  (1.5  x  10  cm/ sec),  respectively  (see  Section  3.2.3).  Assuming  an 

effective  porositv  of  35%  for  the  sands  of  the  Tuscaloosa  formation,  the 

calculated  horizontal  velocity  of  groundwater  flow  would  range  from  0.6  ft/dav 

(322  ft/yr)  to  1.29  ft/day  (472  ft/yr).  The  direction  of  groundwater  flow  is 

to  the  southwest,  toward  Cedar  Creek. 

2.5.6  Site  No.  6:  Unofficial  Dump  Site 

An  unofficial  dump  site,  situated  in  a  brushy  upland  area  near  the  base's 
wastewater  treatment  plant  at  the  western  base  boundary  (Figure  2-20),  was 
also  examined  during  the  Phase  Ila  site  survey.  Waste  materials  observed  at 
the  site  included  construction  debris,  waste  wood,  scrap  metal,  roofing 
shingles,  empty  paint  cans  and  brush  cuttings.  Patches  of  discolored  soils, 
paint  residues,  and  a  tar  like  substance  were  also  observed  at  this  site.  The 
period  of  existence  and  the  full  contents  of  the  site  are  unknown.  Because 
this  site  is  located  approximately  500  feet  from  Cedar  Creek  off-base  contam¬ 
inant  migration  could  readily  and  rapidly  occur.  Thus,  McEntire  ANG  Base 
officials  and  0EHL  requested  inclusion  of  this  site  in  the  Phase  II,  Btaee  1 
investigative  effort. 

Three  shallow  water  table  aquifer  monitoring  wells  were  installed  around 
the  site  (one  upgradient  and  two  downgradient)  to  investigate  the  potential 
subsurface  movement  of  contaminants  and  to  obtain  site-specific  geologic  and 
hydrogeologic  information.  A  fence  diagram  (Figure  2-21)  constructed  from  the 
boring  logs  for  the  monitoring  wells  (Appendix  E)  illustrates  the  subsurface 
geology  at  the  site. 


2-49 


FT  MSL 


2-51 


In  general,  surface  soils  at  the  site  consist  of  light  yellow  brown 
slightly  silty  medium  sand.  The  surface  soils  generally  grade  to  a  reddish 
brown  sandy  silt  or  clay,  which  in  turn,  grades  to  a  light  yellow  brown,  fine 
to  medium  silty  sand  to  a  depth  of  approximately  25  feet.  Below  the  silty 
sands,  at  an  elevation  of  approximately  185  to  190  feet  MSL,  extends  a  thin 
layer  of  white  clay  (kaolin),  of  approximately  3  feet  in  thickness.  Beneath 
this  clay  layer  to  the  terminal  depth  of  the  borings  generally  extend 
yellowish  brown  to  buff  fine  to  medium  sands,  containing  some  light  gravel  and 
clay  (kaolinite) .  Based  on  Colquhoun  (1965)  the  deposits  occupying  the 
interval  from  approximately  195  feet  MSL  to  land  surface  are  considered  to  be 
of  the  Coharie  (terrace)  formation.  This  determination  is  based  largely  on 
the  topographic  interval  delineated  by  Colquhoun  (1965)  for  the  Coharie 
terrace  (210  to  220  feet  MSL)  and  the  general  coarsening  gradation  of  the 
deposits  with  depth  through  this  interval.  The  underlying  unconsolidated 
materials  are  consistent  with  regional  descriptions  of  the  Tuscaloosa 
formation  (see  Section  2.2). 

The  zone  of  saturation  of  the  prevailing  water  table  aquifer  at  the  site 
occurs  within  the  upper  sands  of  the  Tuscaloosa  formation.  The  water  table 
ranges  in  depth  from  41.5  to  29.5  feet  BLS  at  wells  MW6-1  and  MW6-3,  respec¬ 
tively.  The  range  in  depths  to  the  water  table  is  principally  caused  by  vari¬ 
ations  in  surface  topography.  Water  table  elevations  range  from  178.5  in 
MW6-1  to  177.2  feet  MSL  in  MW6-2,  with  a  maximum  head  differential  of  1.3  feet 
and  a  hydraulic  gradient  of  0.47%.  The  horizontal  hydraulic  conductivity  of 
the  upper  sands  of  the  Tuscaloosa  formation  beneath  the  site,  as  determined 
from  aquifer  tests  performed  on  downgradient  wells  MW6-2  and  MW6-3,  ranges 
from  4.4  x  10  4  ft/sec  (1.3  x  10~2  cm/sec)  to  3.2  x  10_4  ft/sec  (9.7  x  10~3 
cm/sec),  respectively  (see  Section  3.2.3).  Assuming  an  effective  porosity  of 
35%  for  the  sands  of  the  Tuscaloosa  formation,  the  calculated  horizontal 
velocity  of  groundwater  flow  would  range  from  0.37  ft/day  (136  ft/yr)  to  0.51 
ft/day  (186  ft/yr).  The  direction  of  groundwater  flow  is  to  the  southwest, 
toward  Cedar  Creek. 
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2.5.7  Site  No.  7:  Drainage  Pond/Swamp 

This  site  is  located  in  an  open  field  along  the  south-central  boundary 
line  of  the  base,  near  the  base's  petroleum,  oils,  and  lubricants  (POL) 
storage  area  (Figure  2-22).  The  site  consists  of  a  slight  topographic 
depression  covering  approximately  2  acres,  into  which  surface  runoff  from  the 
southern  portion  of  the  base  is  discharged.  A.  light  oil  film  was  observed 
near  the  drain  pipe  entering  the  area,  during  the  Phase  Ila  site  survey.  A 
drainage  pipe  beneath  a  small  berm  along  the  base  boundary  line  directs 
surface  runoff  off  from  the  base  into  a  series  of  small  swampy  areas,  which 
are  interconnected  by  drain  pipes  (Figure  2-22).  Discharge  waters  from  a 
small  commercial  fertilizer  mixing  plant,  located  east  of  the  site  along 
highway  769,  also  flows  into  this  site  via  a  roadside  drainage  ditch.  Dense 
algal  growth  was  observed  in  each  of  the  swampy  areas  depicted  in  Figure  2-22 
during  the  Phase  II  survey  of  the  site.  Because  this  site  provides  obvious 
potential  for  direct  off-base  contaminant  migration,  McEntire  ANG  Base 
officials  and  OEHL  requested  that  this  site  be  investigated  as  part  of  the 
Phase  II,  Stage  1  effort. 

Groundwater  monitoring  wells  were  not  installed  at  this  site,  conse¬ 
quently  site  specific  geologic  and  hydrologic  information  for  the  site  are  not 
available.  Based  on  the  U.S.D.A.  Soil  Conservation  Service  Soil  Survey  Report 
for  Richland  County  (1978),  the  site  soils  are  of  the  Coxville  series,  and  are 
characteristically  deep,  nearly  level,  poorly  drained,  slow  to  moderately 
permeable,  and  formed  from  thick  beds  of  clayey  marine  sediment.  Generallv, 
these  soils  occupy  shallow,  elliptical  depressions  on  broad,  smooth,  inter- 
streara  divides.  Typically,  the  surface  layer  is  dark  grav,  fine  sandy  loam 
about  7  inches  thick.  The  subsurface  layer  is  light  brownish-gray  fine  sandv 
loam  about  2  inches  thick.  The  subsoil  typically  consists  of  56  inches  of 
gray  sandy  clay  that  has  brownish  and  reddish  mottles  and  15  inches  of  grav 
sandy  clay  loam  that  has  yel lowish— red  mottles.  This  soil  is  strongly  acidic 
throughout.  Organic  matter  content  is  medium.  Pe-Tteab  il  ity  is  moderately 
slow  and  available  water  capacity  is  medium. 
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Interpretation  of  topographic  data  and  subsurface  geologic  and  hydrologic 
information  (previously  presented  for  the  base)  suggest  that  the  site  is 
probably  underlain  by  the  unconsolidated  sand,  silt  and  clay  deposits  of  the 
Hazelhurst  and  Tuscaloosa  formations.  The  prevailing  water  table  aquifer 
probably  occurs  within  the  upper  sands  of  the  Tuscaloosa  formation  at  a  depth 
of  approximately  35  to  40  feet  BLS.  The  direction  of  groundwater  flow  is 
likely  to  be  southwesterly,  toward  Cedar  Creek. 

2.6  BASE  WATER  SUPPLY  SYSTEM 

McEntire  ANG  Base's  water  supply  system  is  owned  and  operated  by  the 
South  Carolina  ANG.  The  system  was  originally  installed  in  1942  and  consists 
of  two  4-inch  diameter  wells,  which  are  screened  within  deep  confined 
(artesian)  sand  aquifers  of  the  Tuscaloosa  formation,  a  5,000  gallon  pneumatic 
storage  tank  and  three  booster  pumps.  The  location  of  the  wells  is  shown  in 
Figure  2-9.  Specification  data  for  the  wells  is  provided  in  Table  2-6. 

The  two  wells  feed  to  an  8-inch  header  pipe  which  flows  to  the  three 
booster  pumps,  which  in  turn  pump  directly  into  the  distribution  system.  The 
booster  pumps  are  15  horsepower  centrifugal  pumps  rated  at  210  gpm.  The  pumps 
are  turned  on  by  a  drop  in  the  pressure  in  the  distribution  system,  with  one 
pump  being  turned  on  at  a  time.  Chlorine  gas,  used  to  disinfect  the  system, 
is  injected  before  the  suction  side  of  each  booster  pump.  In  addition  to 
feeding  water  to  a  5,000  gallon  pneumatic  storage  tank  the  system  also  feeds  a 
500,000  gallon  ground  storage  tank  used  for  fire  protection  at  the  main  hanger 
(Building  No.  253).  Water  from  this  storage  tank  is  prevented  from  flowing 
back  into  the  system  by  a  single  check  valve.  The  system  has  emergency  power 
capab il ity . 

A  survey  of  the  water  supply  system  on  20  November  1979,  bv  the  South 
Carolina  Department  of  Health  and  Environmental  Control  (SCDHEC)  revealed  that 
the  wells  were  improperly  sealed.  The  South  Carolina  .ANG  has  since  rectified 
the  problem. 

Other  wells  (supply  or  monitoring)  have  not  been  installed  or  currentlv 
exist  at  McEntire  ANG  Base. 
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MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  01  STANDARDS- 1963  A 


3.0  FIELD  PROGRAM 


3.1  MONITORING  PLAN  DEVELOPMENT 

The  field  program  designed  for  McEntire  ANG  Base  was  based  on  the 
following:  1)  a  review  of  the  Phase  I  Records  Search,  2)  a  review  of  aerial 

photographs,  maps,  and  available  literature  pertaining  to  the  base,  and 
3)  observations  made  during  the  Phase  II  presurvey.  The  Phase  II  presurvey 
was  initiated  at  McEntire  ANG  Base  in  May  1984  and  consisted  of  a  meeting  with 
base  and  OEHL  personnel,  a  site  survey,  and  the  sampling  of  base  water  supply 
wells.  Based  largely  on  the  Phase  I  and  Phase  II  presurvey  findings  and 
reconmendations ,  OEHL  developed  the  Description  of  Work  (DOW)  for  the  Phase  II 
Stage  1  Field  Evaluation  for  McEntire  ANG  Base  (Appendix  C)  .  The  overall 
field/monitoring  program  for  the  base  is  provided  in  the  DOW.  The  final  field 
monitoring  program  implemented  at  McEntire  ANG  Base  was  modified  on-site  as 
appropriate  due  to  unanticipated  field  conditions.  Modifications  to  the  DOW 
were  accomplished  and  approved  through  communication  with  the  OEHL  task 
monitor . 

The  monitoring  program  was  developed  in  order  to  determine  whether 
environmental  contamination  had  occurred  at  each  of  the  designated  sites  and 
to  provide  for  a  preliminary  evaluation  of  the  movement  of  any  contaminants 
found.  Table  3-1  provides  a  summary  of  the  monitoring  program  developed  for 
the  base  and  each  of  the  sites.  Monitoring  well,  soil,  sediment,  and  surface 
water  sampling  locations  were  selected  to  maximize  data  acquisition  while 
minimizing  cost.  As  specified  in  the  DOW,  a  total  of  23  monitoring  wells  were 
installed  at  sites  number  1  through  6  at  depths  designed  to  monitor  the  upper 
20  feet  of  the  water  table  aquifer  only.  Depths  were  limited  in  this  manner 
because  of  t*he  lack  of  definitive  geologic  and  hydrogeologic  information  for 
the  base.  The  installation  of  deep  aquifer  monitoring  wells  without  adequate 
geologic  and  hydrogeologic  information  opens  potential  conduits  for  the  down¬ 
ward  migration  of  contaminants  into  the  deeper  confined  aquifers  which  are 
utilized  as  a  water  supply  source  by  the  base  and  surrounding  communities  (see 
Section  2.0).  In  addition,  installing  deep  wells  at  a  site  which  may  not  have 
been  contaminated  groundwater  would  be  an  unnecessary  capital  expenditure. 
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TABLE  1  1.  BRIEF  SUMMARY  OF  IRP  PHASE  II  STAGE  1  SAMPLING  AND  ANALYSIS  PLAN 
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The  monitoring  program  proposed  for  McEntire  ANG  Base  was  designed  to 
meet  the  following  objectives: 

•  Determine  whether  a  site  is  contributing  to  groundwater  contamination, 
and  if  so,  the  degree  of  contamination; 

•  Determine  subsurface  geologic  and  hydrogeologic  conditions; 

•  Define  the  direction  and  rate  of  groundwater  movement;  and 

•  Determine  the  need  for  additional  investigations. 

Monitoring  wells  were  located  to  provide  both  upgradient  and  downgradient  data 
at  each  site.  Well  placement  was  complicated  because  the  exact  direction  of 
groundwater  flow  in  the  surficial  aquifer  was  not  known.  The  direction  of 
flow  was  assumed  to  be  controlled  by  site  and  base  topography.  Where  topog¬ 
raphy  did  not  provide  definitive  clues,  the  lack  of  information  concerning  the 
direction  of  groundwater  flow  necessitated  that  wells  be  placed  to  surround  a 
site.  In  addition,  since  rates  of  groundwater  movement  had  not  been  pre¬ 
viously  determined,  wells  were  placed  relatively  close  to  sites  to  assure 
identification  of  any  contaminants  that  were  being  generated. 

Elevated  levels  of  chlorinated  organics  (as  measured  by  TOX)  were 
detected  in  McEntire  ANG  Base's  water  supply  well  (W-l)  during  the  Phase  II 
presurvey  sampling.  To  identify  the  compound(s)  present  their  well  was  also 
resampled  as  part  of  the  Phase  II  Stage  1  Field  Evaluation  program. 

Surface  water,  soil,  and  sediment  sampling  points  were  located  to  detect 
any  residual  contamination  at  spill  or  waste  disposal  sites,  and  to  identify 
off-site  contaminant  movement  through  surface  drainage.  Where  surface  water 
samples  were  collected,  sediment  samples  were  also  obtained  from  the  same 
location.  Surface  water  and  sediment  sampling  along  Cedar  Creek  and  its 
tributary  drainage  3wale  were  reconmended  to  evaluate  the  potential  movement 
of  contaminants  off-base.  Sampling  points  were  located  above  and  below  the 
drainage  areas  of  the  individual  sites  and  upstream  and  downstream  of  the 
base  itself.  This  allowd  evaluation  of  surface  water  and  sediment  quality 
changes  as  surface  water  flowed  through  the  base  and  past  individual  sites  of 
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concern.  A  soil  boring  was  performed  at  Site  No.  4  (Oil  Dump  Site)  in  order 
to  determine  the  depth  of  residual  contamination  within  the  soil  beneath  the 
site. 


The  sampling  program  was  developed  to  provide  representative  samples  for 
laboratory  analysis  within  allowable  holding  times  for  analytes.  The  wells 
were  completed  according  to  predetermined  specifications  and  purged  prior  to 
sampling  to  yield  representative  results.  Quality  Assurance/Quality  Control 
(QA/QC)  provisions  were  included  in  the  sampling  program  to  ensure  the 
integrity  of  the  samples. 

3.2  MONITORING  PLAN  IMPLEMENTATION 

The  field  program  for  the  Phase  II  Stage  1  Field  Evaluation  was  initiated 
at  McEntire  ANG  Base  on  March  6,  1985.  A  reconnaissance  of  the  disposal/spill 
sites  and  Cedar  Creek  was  conducted  and  locations  of  groundwater  monitoring 
wells,  and  surface  water,  soil  and  sediment  sampling  points  were  staked.  Each 
of  the  staked  markers  was  painted  fluorescent  orange,  flagged  with  surveying 
tape,  and  labeled  to  facilitate  resampling,  if  required.  The  well  identifica¬ 
tion  and  sampling  location/ sample  identification  numbering  system  implemented 
is  provided  in  Appendix  D.  The  location  of  the  monitoring  wells  and  sampling 
points  for  each  of  the  sites  is  shown  in  Figures  3-1  through  3-8. 

A  number  of  modifications  to  the  original  DOW  were  implemented  during 

this  phase  of  the  field  program.  Because  of  the  limited  extent  of  visible 

2 

contamination  (approximately  750  ft  )  at  Site  No.  6  (Unofficial  Dump  Site), 
three  monitoring  wells  rather  than  four  were  determined  to  provide  adequate 
site  coverage.  Conversely,  because  of  the  relatively  large  area  of  Site  No.  2 
(No.  1  Fire  Training  Area/ Sanitary  Landfill  Site)  and  ambiguity  with  respect 
to  direction  of  groundwater  flow,  five  monitoring  wells  rather  than  four  were 
installed  to  provide  adequate  monitoring  coverage. 

As  a  result  of  unseasonably  dry  weather,  no  surface  water  was  present  at 
Site  numbers  1,  5,  and  7  or  in  the  tributary  drainage  swale  to  Cedar  Creek 
from  Site  No.  2  during  implementation  of  the  sampling  program.  Consequently, 
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Figure  3-1.  Monitoring  Well  and  Sampling  Locations; 
Site  No.  1:  No.  5  Fire  Training  Area. 
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Figure  3-2.  Monitoring  Weil  Locations  ;  Site  No.  2:  No.  1 
Fire  Training  Area/Sanitary  Landfill  Site. 
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Figure  3-4.  Monitoring  Well  and  Sampling  Locations;  Site  No.  4:  Oil  Dump  Site. 
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Figure  3-5.  Monitoring  Well  and  Sampling  Locations; 
Site  No.  5:  C-141  Spill  Trench. 
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Figure  3-6.  Monitoring  Well  and  Sampling  Locations; 
Site  No.  6:  Unofficial  Dump  Site. 


Figure  3-7.  Sampling  Locations;  Site  No.  7:  Drainage  Pond/Swamp  Site. 
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Figure  3-8.  Sampling  Locations:  Cedar  Creek  and  Tributary  Drainage  Swale. 
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surface  water  sampling  points  were  not  established  at  these  sites.  Sediment 
sampling  points  were,  however,  established. 

The  lack  of  surface  water  at  Site  No.  7  also  exposed  a  drainage  pipe  that 
had  not  been  visible  during  the  Phase  II  presurvey  of  the  site.  The  drain 
pipe  discharges  directly  off-base  from  the  site,  providing  a  conduit  for  the 
potential  rapid  movement  of  contaminants  directly  off-base.  Three  additional 
sediment  sampling  points  were,  therefore,  located  at  this  site  (SD7-4,  SD7-5, 
SD7-6)  to  evaluate  potential  off-base  contaminant  migration  in  this  pathway. 

The  specific  location  of  the  temporary  earthen  dam  reportedly  constructed 
at  Site  No.  5  (C-141  Spill  Trench)  could  not  be  determined.  For  this  reason, 
and  because  of  the  trench's  length  (approximately  1,200  feet),  one  additional 
sediment  sampling  point  was  located  near  the  reported  dam  site  to  aid  in  the 
evaluation  of  contaminant  movement  away  from  the  site. 

As  noted  in  Section  2  discussions,  stained  soils  and  a  pronounced  hydro¬ 
carbon  odor  were  noted  at  Site  No.  6  (Unofficial  Dump  Site).  Therefore,  one 
sediment  sampling  point  was  added  to  the  monitoring  program  for  this  site.  An 
additional  sediment  sampling  point  was  also  located  near  the  mouth  of  the 
tributary  drainage  swale  to  Cedar  Creek  to  aid  in  the  analysis  of  potential 
off-base  contaminant  migration  from  the  sites  and  the  base  as  a  whole. 

The  sampling  phase  of  the  field  program  at  McEntire  ANG  Base  was 
initiated  on  March  6,  1985. 

The  following  sections  discuss  the  sampling  and  analysis  program,  as 
implemented,  and  the  procedures  that  were  used  in  installing  monitoring  wells 
and  obtaining  samples. 

3.2.1  Monitoring  Well  Installation 

Well  installation  was  initiated  at  the  base  on  March  27,  1985.  Borehole 
drilling  and  well  installation  was  conducted  under  subcontract  by  Soil  and 
Material  Engineers,  Inc.  of  Columbia,  South  Carolina,  and  was  supervised  by 


SAIC  personnel.  Boreholes  for  all  23  monitoring  wells  were  drilled  with 
CME-550  all-terrain  drill  rigs.  Twenty-one  of  the  boreholes  were  drilled 
using  6-inch  (OD) ,  3  1/2-inch  (ID)  hollow  stem  augers.  Two  of  the  boreholes 
were  drilled  using  hydraulic  rotary  drilling  methods  and  a  6-inch  drill  bit. 
Drilling  began  in  all  cases  by  advancing  the  borehole  3.5  feet  below  land 
surface.  A  1.5  foot  split  spoon  sample  was  then  obtained  and  described  in 
accordance  with  ASTM  Standard  1586.  The  following  information  was  recorded  by 
the  supervising  geologist: 

•  Sample  Interval 

•  Blow  Count 

•  Amount  of  Recovery 

•  Sample  Color  (using  Munsell  Soil  Color  Charts) 

•  Texture 

•  Moisture  Content 

•  Density 

•  Any  unusual  and  distinguishing  characteristics. 

In  addition,  all  cuttings  were  characterized  similarly.  This  drilling  and 
sampling  cycle  was  repeated  at  5  foot  depth  intervals  until  the  borehole  was 
advanced  20  feet  into  the  water  table  aquifer.  Boring  logs  for  each  well  are 
provided  in  Appendix  E.  To  ensure  worker  health  and  safety,  ambient  air 
monitoring  was  performed  with  an  HNU®  photoionization  organic  vapor  analyzer 
during  drilling. 

The  DOW  specified  use  of  auger  drilling  methods  for  well  installation. 
During  auger  drilling  at  Site  Nos.  2,  5,  and  6,  however,  the  unconsolidated 
sands  of  the  surficial  aquifer  tended  to  flow  under  hydrostatic  pressure  into 
the  hollow  stem  augers  once  the  water  table  was  encountered.  This  phenomena, 
referred  to  as  "heaving  3ands",  made  split  spoon  sampling  and  well  instal¬ 
lation  more  difficult  and  time  consuming.  In  an  effort  to  expedite  the 
drilling  and  well  installation  process,  conversion  to  mud  rotary  drilling  was 
requested  by  SAIC  and  approved  by  OEHL.  The  base's  water  supply  well  (W-2) 
was  used  as  a  water  source  and  two  wells  (MW1-4  and  MW4-3)  were  drilled  using 
hydraulic  rotary  drilling  methods.  Although  hydraulic  rotary  drilling 
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prevented  the  sands  from  heaving,  near-surface  silt  and  clay  units  (see 
Chapter  2.0)  slowed  the  drilling  rate  using  this  method.  Since  a  time  saving 
was  not  realized,  hydraulic  rotary  drilling  was  terminated  and  auger  drilling, 
as  specified  in  the  DOW,  was  resumed  through  the  remainder  of  the  program. 

Physical  evidence  of  contamination  was  not  detected  during  borehole 
drilling  at  any  of  the  sites,  based  on  color,  odor  or  organic  vapor  monitoring 
with  HNU*  meters.  Therefore,  drill  cuttings  were  not  containerized  and  no 
testing  for  EP  Toxicity  and  Ignitability  was  performed. 

Upon  completion  of  drilling,  wells  were  installed  using  the  following 
procedures.  Twenty  (20)  feet  (or  less,  where  dictated  by  site  conditions)  of 
2-inch  (ID)  flush-joint  PVC  screen,  with  five  (5)  slots  per  inch  at  0.015 
inches  per  slot,  and  an  appropriate  length  of  2-inch  (ID)  Schedule  40  PVC 
riser  were  assembled  and  threaded  together.  A  threaded  flush  plug  was 
installed  at  the  bottom  of  each  well  screen.  The  screen  and  riser  pipe  were 
then  lowered  down  through  the  hollow  stem  augers  or  open  borehole.  A  riser 
stick-up  of  two  feet  above  ground  level  was  retained  to  facilitate  sampling. 

A  sand  pack  of  uniform  size  (Figure  3-9)  was  then  added  to  the  annulus  until 
it  extended  two  to  three  feet  above  the  top  of  the  well  screen.  A  layer  of 
bentonite  pellets,  at  least  two  feet  in  thickness,  was  added  above  the  sand 
pack.  Water  was  then  applied  to  the  bentonite  pellets  to  promote  swelling  and 
the  formation  of  a  proper  seal.  After  approximately  30-45  minutes  elapsed, 
ensuring  proper  bentonite  sealing,  grout  was  added  to  the  annulus  from  the  top 
of  the  bentonite  to  ground  surface.  The  grout  mixture  was  composed  of  water, 
bentonite,  and  Type  1  Portland  Cement  in  a  0.44:9.5:10  ratio.  For  auger 
drilled  wells  all  materials  (sand  pack,  bentonite,  grout)  were  added  through 
the  hollow  stem  augers  as  the  augers  were  raised  at  increments  of  2.5  feet  or 
less.  In  the  hydraulic  rotary  drilled  wells,  the  sand  pack  and  bentonite  were 
placed  directly  through  the  open  borehole. 

In  all  wells,  the  grout  was  allowed  to  set  for  a  minimum  of  24  hours 
before  installing  and  setting  with  concrete  a  5  foot  length  of  protective 
steel  casing  over  the  PVC  riser.  Three  two-inch  diameter  steel  guard  posts,  5 
feet  in  length,  were  then  installed  at  a  distance  of  2.5  feet  radially  from 
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Figure  3-9.  Sieve  Analysis  for  Sand  Pack. 


all  wells  to  prevent  damage  to  the  wells.  The  guard  posts  and  protective 
steel  casings  were  painted  fluorescent  orange  for  ease  of  visibility. 
Monitoring  well  identification  numbers  were  stenciled  on  the  steel  casings, 
and  marked  on  vented  PVC  slip  covers  which  were  placed  over  the  top  of  the  PVC 
riser  pipe.  A  schematic  diagram  for  a  completed  well  is  shown  in  Figure  3-10. 

Well  specifications  outlined  in  the  DOW  (Appendix  C)  required  "each  well 
to  be  screened  20  feet  into  the  shallow  groundwater  aquifer."  However,  the 
presence  of  clay  units  within  the  uppermost  20  feet  of  the  shallow  groundwater 
aquifer  precluded  the  installation  of  20  feet  of  screen  in  some  instances.  A 
well  construction  summary  for  all  the  wells  installed  is  presented  in  Table 
3-2.  Detailed  well  construction  summaries  for  each  of  the  wells  are  provided 
in  Appendix  E. 

Prior  to  initiating  the  drilling  program,  following  the  completion  of 
each  borehole,  and  after  drilling  the  final  borehole,  all  drilling  and 
measuring  equipment  was  steam  cleaned,  washed  with  a  low-residue  detergent 
(Alconox),  and  rinsed  with  clean  water.  This  procedure  was  used  to  prevent 
cross-contamination  between  boreholes.  In  addition,  well  construction 
materials  (screen  and  casing)  were  also  decontaminated  prior  to  installation. 

A  portable  kerosene-burning  steam  generator  was  used  to  steam  clean  the  rigs 
and  equipment  on  wash  racks  located  off  Mississippi  Road,  near  Building  No. 

225.  Water  from  a  base  fire  hydrant  at  this  location  was  used  for  steam 
cleaning  purposes . 

Wells  were  developed  by  both  air  surging  and  pumping  to  remove  any 
particles  obstructing  the  screen.  Each  well  was  surged  with  an  air  compressor 
for  a  minimum  of  one  hour  prior  to  pumping.  At  least  5  casing  volumes  and 
5  times  the  estimated  volume  of  water  introduced  during  drilling  were  then 
pumped  from  each  well  using  a  1.7  inch  PVC  Br ainard/Ki lman  hand  pump.  Addi¬ 
tional  pumping  was  performed  when  required  until  the  wells  produced  sediment 
free  water.  All  equipment  employed  in  developing  the  wells  was  decontaminated 
prior  to  use  at  each  well  to  prevent  cross-contamination. 
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TABLE  3-2.  WELL  CONSTRUCTION  SUMMARY 


Well 

Number 

Date 

Drilled 

and 

Installed 

(1985) 

Depth 
(ft.  BLS1) 

Drilling 
Met hod ^ 

Screened 
Interval 
(ft.  BLS) 

Sand 

Pack 

(ft.  BLS) 

Bentonite 

Seal 

(ft.  BLS) 

Riser 
Stickup 
(ft.  ALS5) 

MW  1-1 

4/11-12 

60.0 

A/MR 

40.4-60.0 

38.4-60.0 

36.4-38.4 

2.0 

MW  1-2 

4/11-12 

60. 1 

A/MR 

40.5-60. 1 

38.5-60.0 

36.5-38.5 

1.9 

MW  1-3 

4/12-13 

60.0 

A 

40.4-60.0 

38.4-60.0 

36.4-38.4 

1.9 

MW  1-4 

4/12-13 

61.0 

MR 

41.0-61.0 

34.0-61.0 

32.0-34.0 

1.9 

MW  2-1 

4/4-5 

53.0 

A 

33.0-53.0 

31.0-53.0 

29.0-31.0 

1.8 

MW  2-2 

4/3-4 

47.0 

A 

27.0-47.0 

25.0-47.0 

23.0-25.0 

2.0 

MW  2-3 

4/10-11 

43.3 

A 

23.7-43.3 

21.7-43.3 

19.7-21.7 

2.0 

MW  2-4 

4/10 

46.0 

A 

26.0-46.0 

24.0-46.0 

22.0-24.0 

1.9 

MW  2-5 

4/8-9 

58.0 

A 

38.0-58.0 

36.0-58.0 

34.0-36.0 

1.8 

MW  3-1 

4/16-17 

63.5 

A 

43.5-63.5 

41.4-63.5 

39.4-41.4 

2.0 

MW  3-2 

4/17 

58.5 

A 

46.0-58.5 

43.5-58.5 

41.5-43.5 

1.9 

MW  3-3 

4/16 

54.7 

A 

43.0-54.7 

41.0-54.7 

39.0-41.0 

2.1 

MW  3-4 

4/18 

68. 1 

A 

48.5-68.1 

45.5-68.1 

43.5-45.5 

2.0 

MW  4-1 

4/13-14 

65.6 

A 

46.0-65.6 

45.0-65.6 

41.0-45.0 

2.0 

MW  4-2 

4/15-16 

63.0 

A 

43.0-61.0 

41.0-63.0 

39.0-41.0 

2.0 

MW  4-3 

4/13-14 

60.0 

MR 

40.0-60.0 

38.0-60.0 

36.0-38.0 

2.0 

MW  4-4 

4/15 

62.0 

A 

45.0-62.0 

45.0-62.0 

43.0-45.0 

1.9 

MW  5-1 

3/27-28 

54.0 

A 

34.0-54.0 

32.0-55.0 

28.0-32.0 

1.8 

MW  5-2 

3/29 

42.5 

A 

32.4-42.5 

29.8-42.8 

25.8-27.8 

2.0 

MW  5-3 

4/1-2 

44.0 

A 

31.0-44.0 

28.3-46.3 

25.2-28.3 

1.9 

MW  6-1 

4/4-5 

62.7 

A 

42.7-62.7 

40.9-65.0 

38.9-40.9 

1.9 

MW  6-2 

4/9-10 

53.2 

A 

33.2-53.2 

30.7-53.2 

28.7-30.7 

1.8 

MW  6-3 

4/8-9 

49.0 

A 

29.0-49.0 

25.9-49.0 

23.9-25.9 

2. 1 

1  BLS  -  Below  Land  Surface 

2  A  -  Auger 

MR  “  Mud  Rotary 

5  ALS  -  Above  Land  Surface 
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At  the  completion  of  drilling  operations,  the  horizontal  coordinates  and 
vertical  elevations  of  all  wells  were  surveyed.  Surveying  was  subcontracted 
to  Ralph  0.  Vanadore ,  RLS,  of  Lexington,  South  Carolina.  Well  locations  were 
established  using  the  State  Plane  Coordinate  System.  Table  3-3  provides  a 
list  of  the  elevations  and  horizontal  coordinates  for  the  23  monitoring  wells 
installed  at  the  base. 

3.2.2  Sampling  Prograa/Procedures 

Groundwater  samples  were  collected  from  each  of  the  monitoring  wells 
installed  and  the  base's  water  supply  well,  W-l.  Surface  water,  sediment,  and 
soil  samples  were  obtained  from  each  of  the  previously  staked  locations.  All 
samples  collected  by  SAIC  personnel  were  split,  with  one  suite  of  samples  sent 
for  analysis  to  SAIC's  contracted  laboratory  (ERG)  and  a  duplicate  suite  of 
samples  sent  to  OEHL's  laboratory.  The  following  sections  detail  the  methods, 
procedures,  and  equipment  used  in  performing  the  sampling  phase  of  the  field 
program  at  McEntire  ANG  Base. 

3. 2. 2.1  Groundwater  Sampling 

Prior  to  purging  and  sample  collection,  static  water  level  measurements 
were  taken  at  each  well  using  a  Keck  electronic  water  level  indicator  (Model 
WLI-82).  The  water  level  indicator  was  attached  to  a  tape  measure  and  lowered 
down  the  well  until  it  produced  a  tone  indicating  contact  with  the  surface  of 
the  standing  water  in  the  well.  The  total  distance  from  the  top  of  the  PVC 
riser  to  static  water  was  measured  and  recorded.  The  tape  and  instrument  were 
then  extracted  and  decontaminated.  Static  water  level  measurements  were 
obtained  for  all  wells  within  a  24-hour  period  and  used  to  calculate  the 
volume  of  standing  water  in  each  well  and  to  generate  a  water  table  contour 
map  of  the  surficial  aquifer  (Section  2.0). 

Prior  to  collecting  groundwater  samples,  at  least  five  casing  volumes  of 
water  were  purged  from  each  well  to  ensure  that  a  representative  sample  of  the 
aquifer  (i.e.,  not  stagnant  water)  would  be  collected  (EPA,  1977).  A  1.7  inch 
PVC  Brainard/Kilman  hand  pump  was  used  to  purge  the  wells.  The  pump  and  water 
level  indicator  were  decontaminated  between  each  well  by  scrubbing  with  an 
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TABLE  3-3. 

HORIZONTAL  COORDINATES  AND  ELEVATIONS  OF 
MONITORING  WELLS  INSTALLED  AT  McENTIRE  ANG  BASE 


Well  No. 

Elevation  (ft.MSL) 

State  Plane  Coordinates  (ft.) 

Top  of  Riser  Land  Surface 

North  East 

MW 

1-1 

236.61 

234.61 

331,675.4886 

2,061,376.0823 

MW 

1-2 

235.30 

233.40 

331,480.7669 

2,061,327.1277 

MW 

1-3 

235.04 

233.09 

331,510.1229 

2,061,179.7910 

MW 

1-4 

237.20 

235.28 

331,660.3656 

2,061,146.7316 

MW 

2-1 

214.62 

212.82 

332,459.0151 

2,057,061.9748 

MW 

2-2 

208.66 

206.66 

332,825.4351 

2,057,045.7775 

MW 

2-3 

205.75 

203.75 

332,262.2504 

2,056,493.3164 

MW 

2-4 

204.48 

202.58 

332,324.2197 

2,056,101.9256 

MW 

2-5 

217.07 

215.22 

332,574.0808 

2,056,042.8854 

MW 

3-1 

242.11 

240.11 

333,020.6724 

2,060, 184.3808 

MW 

3-2 

241.87 

239.92 

332,843.0003 

2,060,093.5280 

MW 

3-3 

240.08 

237.98 

332,815.8281 

2,059,953.3647 

MW 

3-4 

242.61 

240.61 

332,955.5289 

2,059,910.5605 

MW 

4-1 

266.28 

264.28 

341,814.5816 

2,058,095.1091 

MW 

4-2 

265.66 

263.66 

341,740.2417 

2,058,008.9759 

MW 

4-3 

265.25 

263.25 

341,845.9792 

2,057,924.3583 

MW 

4-4 

266.37 

264.41 

341,914.3259 

2,058,004.6433 

MW 

5-1 

227.79 

225.94 

333,164.4151 

2,058,300.9057 

MW 

5-2 

225.60 

223.60 

333,108.0621 

2,058,159.5448 

MW 

5-3 

223.04 

221.09 

333,151.6410 

2,058,065.4298 

MW 

6-1 

222.03 

220.13 

333,691.8391 

2,055,864.6288 

MW 

6-2 

212.15 

210.35 

333,535.3098 

2,055,645.2333 

MW 

6-3 

209.08 

206.98 

333,617.8990 

2,055,625.1306 

Alconox/water  solution  and  then  rinsing  with  distilled  water  (de  Vera  et  al . , 
1980) . 

Sample  collection  was  performed  within  a  24-hour  period  after  purging 
each  well.  Samples  were  retrieved  from  each  monitoring  well  with  a  point 
source  teflon  bailer  and  dispensed  directly  into  an  appropriate  prelabeled 
sample  bottle  containing  the  required  preservative  for  the  analyte  to  be 
tested  (Table  3-4  and  Table  3-5).  Each  sample  container  was  then  wrapped  in 
packing  material  (bubble  pack)  and  placed  in  a  cooler  containing  blue  ice  to 
maintain  a  temperature  of  4°C. 

When  volatile  organics  ware  included  in  a  sampling  suite,  they  were 
collected  first.  Care  was  taken  to  minimize  agitation  when  retrieving  the 
sample  and  tfien  placing  it  in  the  sample  container.  Oil  and  grease  samples 
were  collected  second.  These  samples  were  retrieved  from  the  upper  five  feet 
of  the  screened  interval  of  the  well  to  ensure  collection  of  oil  and  grease. 
Total  organic  halogen  (TOX)  and  total  organic  carbon  (TOC)  samples  were 
collected  next  and  metal  samples  were  collected  last.  With  the  exception  of 
oil  and  grease  samples,  all  samples  were  obtained  from  the  mid-point  of  the 
saturated  column. 

One  sample  was  collected  from  the  base's  water  supply  well,  W-l .  The 
sample  was  obtained  from  a  spigot  in  a  discharge  pipe  from  the  well  head 
located  in  Building  No.  145.  Flow  from  the  spigot  was  minimized  to  ensure 
minimal  sanple  agitation  and  release  (loss)  of  volatile  organic  compounds,  if 
present . 

Upon  retrieving  the  final  water  sample  at  each  sampling  point,  field 
measurements  for  temperature,  pH,  and  specific  conductance  were  obtained.  A 
Hach  digital  pH/ temperature  meter  (Model  No.  19000-00)  and  Hach  digital 
conductivity/ temperature  meter  (Model  16300)  were  used  in  measuring  these 
parameters.  The  measuring  probes  for  each  of  these  meters  were  rinsed  with 
distilled  water  before  and  after  each  measurement. 
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TABLE  3-4 . 

GROUNDWATER  SAMPLE  ANALYSIS  PLAN  IMPLEMENTED 
FOR  IRP  PHASE  II  STAGE  1  Me  ENTIRE  ANG  BASE 


SAIC/JRB 

Sample  No. 

Air  Force 
Sample  No  . 

TOX1 

TOC2 

Oil  & 
Grease 

VOA 

GW  1-1 

GN-85-0019 

X 

X 

X 

X 

GW  1-2 

GN-85-0020 

X 

X 

X 

X 

GW  1-3 

GN-85-002 1 

X 

X 

X 

X 

GW  1-4 

GN-85-0022 

X 

X 

X 

X 

GW2-1 

GN-85-0010 

X 

X 

X 

X 

GW2-2 

GN-85-00 1 1 

X 

X 

X 

X 

GW2-3 

GN-85-0012 

X 

X 

X 

X 

GW2-4 

GN-85-00 13 

X 

X 

X 

X 

GW2-5 

GN-85-0014 

X 

X 

X 

X 

GW3-1 

GN-85-0031 

X 

X 

X 

GW  3-2 

GN-85-0032 

X 

X 

X 

GW3-3 

GN-85-0033 

X 

X 

X 

GW  3 -4 

GN-85-0034 

X 

X 

X 

GW4-1 

GN-85-0027 

X 

X 

X 

GW4-2 

GN-85-0028 

X 

X 

X 

GW4-3 

GN-85-0029 

X 

X 

X 

GW4-4 

GN-85-0030 

X 

X 

X 

GW5-1 

GN-85-0005 

X 

X 

X 

GW5-2 

GN-85-0006 

X 

X 

X 

GW5-3 

GN-85-0009 

X 

X 

X 

GW6-1 

GN-85-0015 

X 

X 

X 

GW6-2 

GN-85-00 16 

X 

X 

X 

GW6-3 

W-l 

GN-85-001 7 

GP-85-001 8 

X 

X 

X 

X 

^TOX  -  Total  Organic  Halogens 
2 

TOC  -  Total  Organic  Carbon 

VOA  -  Volatile  Organics  Analysis  -  EPA  Method  601-602 

i 4  . 

As  ,  Cd  ,  Cr  ,  Cu ,  Pb  ,  Hg ,  Ni ,  Se  ,  Ag  ,  Zn . 


Metals 


4 


X 

X 


X. 


I 
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TABLE  3-5.  SAMPLE  PRESERVATION  AND  STORAGE 


Media 

Parameter 

Container 

Preservative* 

Special  Instruction 

TOX1 

2-125  ml.  amber  glass 
with  teflon  septa  cap 

None 

No  air  space 

TOC2 

125  ml.  plastic 

HN03  (0.5  mis) 

Fill  90%  full 

Aqueous 

O&G3 

750  ml.  glass 

H2S04  (2  mis) 

Fill  90-95%  full 

VOC4 

40  ml.  glass  with 
teflon  septa  cap 

None 

No  air  space 

Metals^ 

1000  ml.  plastic 

HNO3  (4  mis) 

Fill  90%  full 

H 

O 

X 

t— * 

125  ml.  widemouth 
glass 

None 

Fill  container  a 
full  as  possible 

O&G3 

750  ml.  glass 

None 

Fill  container  a 
full  as  possible 

Soil/ 

Sediments 

VOC4 

40  ml.  glass  with 
teflon  septa  cap 

None 

Fill  container  a- 
full  as  possible 

Metals3 

1000  ml.  widemouth 
plastic 

None 

Fill  container  as 
full  as  possible 

Nitrates 

125  ml.  widemouth 
plastic 

None 

Fill  container  as 
full  as  possible 

Phosphorous 

(total) 

125  ml.  widemouth 
plastic 

None 

Fill  containers  as 
full  as  possible 

*  All  samples  cooled  to  4°C. 

1  TOX  -  Total  Organic  Halogens. 

2  TOC  -  Total  Organic  Carbon. 

3  O&G  -  Oil  &  Grease  by  IR.  , 

4  VO C  -  Volatile  Organic  Compounds,  Analysis  by  EPA  methods 

601-602  (water),  846/8010-8020  (soil/sed.).  j 

3  Metals  -  As,  Cd,  Dr,  Cu,  Pb,  Hg,  Ni,  Se,  Ag,  Zn. 

I 

I 
I 
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Each  sample  collected  during  the  sampling  phase  of  the  field  program  was 
recorded  on  a  chain-o f-cus tody  form  (Appendix  I) ,  which  was  placed  in  the 
coolers  containing  the  samples,  for  tracking  purposes.  The  coolers  were  then 
shipped  via  overnight  carrier  to  the  respective  laboratories  to  ensure 
delivery  of  the  samples  within  24  hours  of  sample  collection. 

3. 2. 2. 2  Surface  Water,  Sediment,  and  Soil  Sampling 

Surface  water  samples  were  obtained  from  Cedar  Creek.  Soil/sediment 
samples  were  obtained  from  Site  Nos.  1,  3,  4,  5,  6,  Cedar  Creek,  and  a  tribu¬ 
tary  drainage  swale  to  Cedar  Creek  (see  Figures  3-1  through  3-8).  Tables  3-4 
and  3-7  list  the  sampling  points  and  the  analytes  to  be  tested  for  at  each 
sampling  point.  Each  sample  bottle  was  prelabeled  and  contained  the  appro¬ 
priate  preservative  for  the  analyte  to  be  tested  (Table  3-5).  Handling, 
packaging,  and  transporting  procedures  were  the  same  as  previously  described 
for  groundwater  sampling.  Field  measurements  for  temperature,  pH,  and 
conductivity  were  also  obtained  for  water  samples. 

Surface  water  quality  samples  for  Cedar  Creek  were  obtained  using  grab 
sampling  techniques  (USGS,  1977).  In  this  method,  sample  bottles  are  used  to 
directly  collect  samples  from  the  surface  water  body.  Sample  bottles  were 
filled  with  water  by  holding  the  container  below  the  surface  of  the  bodv  of 
water.  Cedar  Creek  water  levels  were  low  at  the  time  of  sampling,  conse¬ 
quently  samples  were  taken  at  the  deepest  locations.  When  obtaining  samples 
in  this  manner,  care  was  taken  not  to  disturb  the  bottom  sediments  and  incor¬ 
porate  them  into  the  water  sample.  Typically  this  was  achieved  bv  sampling 
the  furthest  downstream  point  first  and  working  upstream.  When  wading  into 
the  stream  was  necessary,  samples  were  collected  upstream  from  the  disturbance 
made  during  wading. 

Sediment  and  soil  samples  were  collected  with  a  stainless  steel  hand 
trowel.  The  upper  four  to  six  inches  of  soil  or  sediment  at  each  sampling 
point  was  collected  and  placed  directly  into  sample  containers.  If  vegetation 
was  present  at  a  designated  sampling  point  it  was  removed  prior  to  sampling. 
Cobbles  and  debris  were  also  removed  from  the  sample  prior  to  placing  into  the 
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TABU  3-7. 

FOR 

SOIL/SEDIMENT 
IRP  PHASE  II, 

SAMPLE 
STAGE  1 

ANALYSIS 
Me  ENTIRE 

PLAN 

ANG 

IMPLEMENTED 

BASE 

SAIC/JRB  Sample 

Air  Force  Sample 

TOX1 

Oil 

&  Grease 

VOA2 

Metals^ 

Nitrate 

Phosphorous 

Identification  No. 

Identification  No 

Nitrogen 

(Total) 

SDl-1 

GS -85-0036 

X 

* 

X 

X 

SD1-2 

GS-85-0037 

X 

X 

X 

SD1-3 

GS-85-0038 

X 

X 

X 

SO  1-4 

GS-85-0039 

X 

X 

X 

SD2-1 

GS-85-0055 

X 

X 

X 

X 

SD2-2 

GS-85-0053 

X 

X 

X 

X 

SD2-3 

GS-85-0056 

X 

X 

X 

X 

SD2-4 

GS-85-005 1 

X 

X 

X 

X 

SD2-5 

GS -85-0050 

X 

X 

X 

X 

SD2-6 

GS-85-0058 

X 

X 

X 

X 

SD3-1 

GS-85-0046 

X 

X 

S03-2 

GS-85-0047 

X 

X 

SD3-3 

GS -85-0048 

X 

X 

S04-1 

GS-85-0001 

X 

X 

SD4-2 

GS-85-0002 

X 

X 

SD4-3 

GS-85-0003 

X 

X 

SD4-4 

GS-85-0004 

X 

X 

SD5-1 

GS-85-0023 

X 

X 

SD5-2 

GS-85-0024 

X 

X 

SO  5- 3 

GS-85-0025 

X 

X 

SD5-4 

GS -85-0026 

X 

X 

SD6-1 

GS-85-0035 

X 

X 

X 

SD7-1 

GS -85-0040 

X 

X 

X 

X 

SD  7-2 

GS-85-0041 

X 

X 

X 

X 

SD7-3 

GS-85-0042 

X 

X 

X 

X 

SD7-4 

GS-85-0043 

X 

X 

X 

X 

SD7-5 

GS -8 5-0044 

X 

X 

X 

X 

SD7-4 

GS-85-0045 

X 

X 

X 

X 

*TOX  -  Total  Organic  Halogens 

VOA  -  Volatile  Organics  Analysis  (EPA  Method  946/8010-8020) 
As  ,  Cd  ,  Cr  ,  Cu ,  Pb  ,  Hg  ,  Ni  ,  Se  ,  Ag  ,  Zn  . 
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sample  container.  The  trowel  was  decontaminated  with  an  Alconox/  distilled 
water  solution  and  rinsed  with  distilled  water  before  and  after  collecting 
each  sample  . 

A  soil  boring  was  performed  at  Site  No.  4  (Oil  Dump  Site)  with  a  CME-550 
Drill  Rig  equipped  with  6-inch  OD,  3  1 /2-inch  ID  augers.  One  sample  (SD4-1 ) 
was  collected  from  the  upper  four  to  six  inches  of  soil  at  the  boring  location 
with  a  stainless  steel  hand  trowel.  Three  additional  samples  (SD4-2,  3,  and 
4)  were  obtained  at  5  foot  depth  intervals,  to  a  total  depth  of  15  feet,  with 
a  3-inch  diameter  split  spoon  sampler.  The  samples  obtained  were  removed  from 
the  split  spoon  with  a  stainless  steel  hand  trowel  and  placed  directly  into 
prelabeled  sample  containers.  The  sample  containers  were  wrapped  in  packaging 
material,  placed  in  coolers  containing  blue  ice,  and  shipped  according  to  the 
procedures  previously  outlined.  The  hand  trowel  and  split  spoon  were  washed 
with  an  Alconox/distil led  water  solution  and  rinsed  with  distilled  water 
before  and  after  each  use.  A  boring  log  which  provides  a  description  of  each 
sample  is  provided  in  Appendix  E. 

3. 2. 2. 3  Resampling  for  Second  Column  Confirmation 

Following  the  completion  of  sampling  and  sample  analysis,  OEHL  requested 
that  analysis  for  volatile  organic  compounds  [EPA  methods  601-602  (water); 
846/8010-8020  (soil/ sediment) ]  include  second  column  confirmation.  The 
original  DOW  for  the  Phase  II  Stage  1  Field  Evaluation  for  McEntire  ANG  Base 
was  then  modified  by  OEHL  to  require  second  column  confirmation  for  volatile 
organic  compound  analysis  (see  Appendix  C) .  On  September  11  and  12,  1985,  the 
sampling  locations  requiring  analysis  for  volatile  organic  compounds  were 
resampled  and  laboratory  analysis  was  performed  to  include  second  column 
confirmation.  At  the  direction  of  OEHL,  the  analytical  results  for  volatile 
organic  compounds  obtained  frtxn  tha  initial  round  of  sampling  were  not 
evaluated  and  are  not  included  as  part  of  this  study. 


3. 2. 2.4  Field  Quality  Assurance/ Quality  Control 


To  ensure  the  quality  and  integrity  of  the  samples,  numerous  Quality 
Assurance/Quality  Control  (QA/QC)  procedures  were  implemented  in  the  field. 
These  procedures  are  summarized  below: 


•  Cleaning  all  equipment  used  in  drilling  and  sampling  before  and  after 
use  by  washing  with  a  laboratory  grade  solution  and  rinsing  clean  with 
distilled  water.  This  procedure  was  used  to  ensure  that  contaminants 
were  not  transferred  between  monitoring  points  (USEPA,  1977). 

•  Maintenance  of  chain-of-custody  forms  for  all  samples.  Copies  of 
these  forms  are  included  in  Appendix  I. 

•  Collection  of  the  following  QA  samples  (Table  3-8)  for  each  day  of 
sampling: 

-  One  field  blank  collected  prior  to  the  start  of  sampling.  This 
sample  consisted  of  pouring  distilled  water  into  the  sample  con¬ 
tainers  and  carrying  these  samples  while  collecting  media  samples  in 
the  field.  Field  blanks  are  utilized  to  evaluate  the  field  sampling 
proc edure. 

-  One  bailer  wash  was  collected  early  in  the  day.  This  sample 
consisted  of  distilled  water  poured  through  the  bailer  and  into  the 
sample  containers  immediately  after  the  bailer  had  been  decontami¬ 
nated.  Bailer  washes  are  utilized  during  groundwater  sampling  to 
verify  the  effectiveness  of  the  decontamination  procedure. 

-  One  replicate  each  day  at  a  pre-selected  monitoring  point.  These 
samples  were  collected  at  the  same  time  and  in  the  same  manner  as 
the  normal  laboratory  sample.  The  results  of  the  duplicate  analysis 
are  used  to  evaluate  the  reproducibility  of  laboratory  results. 


3.2.3  Aquifer  Testing 

In  situ  hydraulic  conductivities  were  determined  for  two  downgradient 
wells  at  each  study  site  using  a  bail-down  test  method  described  by  Hvorslev 
(1951)  in  Freeze  and  Cherry  (1979). 


The  test,  as  performed,  was  accomplished  by  rapidly  withdrawing  a  known 
volume  of  water  from  the  well  for  the  purpose  of  changing  the  head  level.  The 
rate  of  recovery  was  monitored  by  measuring  head  level  rise  over  time.  The 
test  was  completed  when  the  head  level  approached  the  initial  level  which 
existed  prior  to  the  withdrawal  of  water.  Semi-logarithmic  plots  were  then 
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TABU  3-8.  FIELD  QA/QC  SAMPLE  ANALYSIS  PLAN  IMPLEMENTED 


FOR  IRP  PHASE  II, 

STAGE  l. 

Me  ENTIRE  ANG  BASE 

SAIC/JHB  Saaple 
Identification  No. 

TOX1 

TOC2 

Oil  &  Crease 

VOA3 

Metals  Nitrate 

Nitrogen 

Phosphorous 

(Total) 

FB-1 

X 

X 

X 

X 

BW-l 

X 

X 

X 

X 

FB-2 

X 

X 

X 

X 

BW-2 

X 

X 

X 

X 

FB-3 

X 

X 

X 

X 

BW-3 

X 

X 

X 

X 

FB-4 

X 

X 

X 

BW-4 

X 

X 

X 

F8-5 

X 

X 

X 

X 

FB-6 

X 

X 

X 

X 

FB-7 

X 

BW-7 

X 

FB-8 

X 

GW1-ID 

X 

GW3-4D 

X 

X 

X 

GW6-2D 

X 

X 

X 

X 

SW2-1D 

X 

SW2-6D 

X 

X 

X 

X 

SD1-1D 

X 

SDI-2D 

X 

X 

SD2-6D 

X 

X 

X 

SD3-1D 

X 

X 

WS-1 

X 

X 

X 

X 

X 

^TOX:  Total  Organic  Halogen. 
2 

TOC:  Total  Organic  Carbon. 


3VOA:  Volatile  Organics  Analysis  by  EPA  Methods  601-802  (water),  846/8010-.'; 020  ( soil / sed iraent )  . 
4 

As,  Cd,  Cr,  Cu,  Pb ,  Hg,  Ni ,  Se ,  Ag,  Zn. 

FB  ■  Field  Blank. 

8W  •  Bailer  Wash. 

D  *  Duplicate  snaple. 
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constructed  to  show  head  change  (log  scale)  versus  time  (linear  scale).  By 
reading  pre-determined  intercepts  from  these  plots,  an  estimate  of  hydraulic 
conductivity  was  then  calculated.  Appendix  F  contains  a  detailed  description 
of  this  method,  and  the  results  of  field  testing. 

The  tests  at  McEntire  ANG  Base  were  performed  using  an  18  feet  by  1.2*5 
inch  I.D.  PVC  bailer.  The  bailer,  when  filled,  contained  1.17  gallons.  When 
placed  within  a  2-inch  I.D.  well,  this  amount  of  water  instantaneously  with¬ 
drawn  results  in  a  negative  head  change  of  7.12  feet.  The  rise  in  head 
following  the  removal  of  water  was  measured  with  a  Keck,  electronic  water  level 
indicator  (Model  Wl,I-82)  which  was  attached  to  a  tape  measure.  The  rise  in 
head  was  recorded  at  measured  intervals,  and  the  time  (in  seconds)  noted.  The 
results  of  the  test  are  contained  within  Appendix  F.  Aquifer  testing  was  not 
performed  after  all  initial  groundwater  quality  sampling  had  been  completed. 
This  ensured  the  collection  of  representative  groundwater  quality  samples. 

All  equipment  used  during  testing  was  washed  with  an  Alconox/distilled  water 
solution  and  rinsed  with  distilled  water  before  and  after  testing  at  each 
well . 
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4.0  DISCUSSION  OF  RESULTS  AND  SIGNIFICANCE  OF  FINDINGS 


In  order  to  determine  whether  environmental  contamination  has  occurred  as 
the  result  of  past  waste  management  activities  at  McEntire  ANG  Base  and  to 
define  the  nature,  magnitude,  and  extent  of  contamination  that  may  have  an 
adverse  impact  on  public  health  or  the  environment,  samples  of  groundwater, 
surface  water,  soil,  and  sediment  were  obtained  for  analysis  from  seven  waste 
site  areas,  Cedar  Creek,  and  a  base  water  supply  well.  Samples  were  analyzed 
for  total  organic  carbon  (TOC),  total  organic  halogens  (TOX) ,  volatile  organic 
halogens,  volatile  aromatic  compounds,  arsenic  and  trace  metals,  oil  and 
grease,  pH,  temperature  and  conductivity.  A  listing  of  detection  limits  as 
defined  by  the  level  of  concern  is  presented  in  the  SOW  (Appendix  C).  This 
section  summarizes  the  analytical  results  for  the  sampling  program  implemented 
(Section  3.0)  and  discusses  the  significance  of  the  findings. 

4.1  QUALITY  ASSURANCE/QUALITY  CONTROL  PROGRAM 

The  field  sampling  and  laboratory  analyses  were  conducted  using  standard 
procedures  for  ensuring  the  quality  of  the  analytical  data.  A  variety  of 
Quality  Assurance/Quality  Control  (QA/QC)  procedures  were  implemented 
including  analysis  of  duplicate  samples,  matrix  spikes,  field  Dlanks,  bailer 
washes  and  the  drilling  water  source.  The  laboratory  analytical  results  of 
these  QC  checks  on  the  McEntire  ANG  Base  field  activities  are  presented  and 
discussed  in  this  section. 

4.1.1  Laboratory  Duplicates  and  Matrix  Spikes 

The  QC  results  for  laboratory  duplicate  and  matrix  spike  analysis  are 
presented  in  Appendix  H.  The  duplicate  analysis  consisted  of  samples  split  by 
the  laboratory,  their  analysis  and  relative  differences  between  the  split 
samples,  which  indicate  the  precision  of  the  analytical  instruments.  The 
matrix  analysis,  with  spike  amounts  and  recoveries  indicates  the  accuracy  of 
the  analytical  method. 
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4.1.2  Field  Blanks,  Bailer  Washes  and  Duplicate  Samples 


Analysis  of  field  blanks  and  bailer  washes  provides  a  QC  check  on  the 
effectiveness  of  QA  efforts  during  field  sampling  and  sample  transport.  Field 
blanks  consisted  of  commercially  available  distilled  water  poured  directly 
into  sample  containers.  These  were  then  handled  and  transported  in  the  same 
manner  as  the  normal  samples.  The  field  blanks  were  analyzed  to  determine  if 
samples  had  been  contaminated  during  collection  in  the  field  or  shipment  to 
the  laboratory. 

Bailer  washes  consist  of  distilled  water  that  has  been  poured  into  the 
decontaminated  bailer  and  then  into  sample  containers.  Analysis  of  bailer 
washes  enables  one  to  verify  whether  bailer  decontamination  procedures  were 
adequate  and  have  prevented  cross-contamination  of  samples  between  wells. 
Duplicate  analysis  consists  of  double  sampling  at  one  or  more  points,  and 
serve  as  a  check  for  the  precision  of  the  combined  sampling  and  analytical 
procedure . 

As  shown  in  Table  4-1,  levels  of  organic  contaminants  in  all  field  blanks 
and  bailer  washes  [including  oil  and  grease,  and  total  organic  carbon  (TOC)] 
were  low  or  undetected.  Low  levels  of  organic  chloride  compounds  (0.02  mg/1) 
were  found  in  field  blanks  FB-2  and  FB-5.  Only  two  purgeable  organic 
compounds  tetrachloroethylene  and  1 , 1 ,2 ,2-tetrachloroethane  were  detected  at 
low  levels  (0.08  to  0.14  ug/1  range)  in  field  blanks  FB-7,  FB-8  and  in  bailer 
wash  BW-8 .  Note  that  these  two  compounds  co-eluted  and  it  was  not  possible  to 
resolve  at  the  low  levels  observed  whether  one  or  both  compounds  were  present 
in  a  given  sample.  No  methylene  chloride,  organic  bromine  or  iodine  compounds 
were  detected  in  any  samples  (detection  limits  0.01  mg/1  for  the  organic 
halogens,  and  0.001  mg/1  for  the  purgeable  compounds).  TOC  was  also 
undetected  in  all  samples  (detection  limit  2  mg/1).  Concentrations  of  oil  and 
grease  were  less  than  1.0  mg/1  in  all  field  blanks  and  bailer  washes. 

Inorganic  contaminants  such  as  arsenic  and  trace  metals  were  either  not 
detected  or  measured  at  very  low  levels  (i.e.,  below  Federal  drinking  water 
standards).  Only  field  blank  FB-5  was  analyzed  for  nitrate  and  phosphorus, 
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TABLE  4-1 .  ANALYTICAL  RESULTS  FIELD  BLANKS  AND  BAILER  WASHES 
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Positive  result  but  at  unquant i f iable  concentration  below  indicated  level. 
Field  Blank. 

Bailer  Wash. 

Not  detected  . 


TABLE  4-1.  ANALYTICAL  RESULTS  FIELD  BLANKS  AND  BAILER  WASHES  (Continued) 
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with  reported  levels  at  0.02  and  0.34  mg/1  respectively.  Since  the  level  of 
nitrate  in  the  blank  is  just  above  the  EPA  method  detection  limit  (0.01  mg/kg) 
and  well  below  the  lowest  level  of  nitrate  found  in  any  sample  (1.6  mg/kg  in 
sample  SD7-5),  the  blank  value  is  quite  acceptable.  The  blank  value  for  total 
phosphorus  is  well  below  the  lowest  sample  value  found  (99  mg/kg) ,  and  is 
therefore  considered  acceptable. 

QC  analytical  results  for  field  duplicates  are  presented  in  Table  4-2. 
Overall,  the  results  indicate  good  agreement  between  the  duplicate  samples. 

4.1.3  Drilling  Water  Source 

All  drilling  equipment  that  came  into  contact  with  potentially  contam¬ 
inated  soil/ sediments  or  water  during  well  installation  was  decontaminated  by 
steam  cleaning  with  a  low  residue  laboratory  grade  detergent  (Alconox) 
followed  by  rinsing.  Equipment  was  washed  before  drilling  the  first  well  and 
after  drilling  each  consecutive  well.  SAIC  follows  this  procedure  in  order  to 
prevent  cross-contaminat ion  between  wells. 

The  wash  water  used  for  this  decontamination  procedure  was  drawn  from  a 
fire  hydrant  located  along  Mississippi  Road  near  building  no.  225.  Samples  of 
water  from  this  hydrant  (WS-1)  were  evaluated  for  levels  of  contamination  as 
part  of  the  study's  QC  effort.  As  shown  in  Table  4-3,  levels  of  detected 
inorganic  contaminants  were  below  Federal  drinking  water  standards  (see  Table 
4-4).  A  number  of  purgeable  halocarbons  were  identified  however:  chloroform 
(1.3  ug/1);  bromodichlororaethane  (0.94  ug/1);  co-e 1 ut ion/ w-occurence  of 
dibromochloromethane ,  trichloroethane ,  and  cis-1 ,3-dichloropropene  (unresolved 
at  0.61  ug/1);  bromoform  (0.22  ug/1);  and  co-elut ion/co-occurence  of 
tetrachloroethylene  and  1 , 1 , 2 , 2- t etr achloroe thane  (unresolved  at  1.5  ug/1). 

Despite  the  observation  of  these  contaminants  in  the  drilling  water 
source,  it  is  considered  unlikely  that  water  from  the  hydrant  used  for 
equipment  decontamination  would  be  a  source  of  contamination  of  water  and  soil 
sanples.  The  observed  levels  of  contaminants  in  water  from  the  hydrant  would 
tend  to  decrease  with  use  of  the  water  in  decontamination  operations.  In  use 
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TABLE  4-2.  ANALYTICAL  RESULTS  FOR  SAMPLE  DUPLICATES 
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Not  detected. 


TABLE  4-2.  ANALYTICAL  RESULTS  FOR  SAMPLE  DUPLICATES  (Continued) 
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TABLE  4-3.  ANALYTICAL  RESULTS  FOR  DRILLING  WATER  SOURCE 


Par ameter 

WS-1 

05-08-84 

WS-1 

09-12-85 

Total  Organic  Halogens  (mg/1): 

Organic  Chloride 

<0.01 

— 

Organic  Bromide 

ND 

— 

Organic  Iodide 

ND 

— 

Total  Organic  Carbon  (mg/1): 

ND 

— 

Oil  &  Grease  by  IR  (mg/1): 

<1 

— 

Metals : 

Ar  sen  ic 

ND 

— 

Cadmium 

ND 

— 

Chromium 

<0.05 

— 

Copper 

ND 

— 

Lead 

ND 

— 

Mercury 

'  <0.0002 

— 

Nicke  1 

ND 

— 

Selenium 

<0.001 

— 

Silver 

ND 

— 

Zinc 

<0.02 

— 

*Purgeable  Aromatics  (ug/1): 

— 

ND 

*Purgeable  Holocarbons  (ug/1): 

Chloroform 

— 

1  .  3 

Bromod ich lorome thane 

— 

0.94 

Di br omoch 1  or ome thane 

— 

UR(0 . 61  ) 

Tr  ich  lor oe thane 

— 

UR( 0 . 61  ) 

Cis-1 , 3-Dichloropropene 

— 

UR ( 0 . 6 1  ) 

Bromo  f orm 

— 

0.22 

Tetrachloroethane ,  1,1,2, 2- 

— 

UR(1 .5) 

Tetrachloroethylene 

— 

UR( 1 .5  ) 

Field  Parameters: 

Temperature  (°C) 

22.2 

— 

pH  (std.  units) 

6.43 

— 

Conductivity  (umhos/cm) 

73.0 

^Analysis  by  EPA  Method  601-602.  Only  those  compounds  for  whch  results  were 
at  or  above  detection  limits  are  listed.  See  Appendix  G  for  complete  listing 
of  analytes. 

UR  =  Unresolved  at  level  indicated. 

<  =  Positive  result  but  at  unquant i f iab le  concentr at  ion  below  indicated  level. 
—  =  Not  analyzed  for. 

ND  =  Not  detected. 
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of  the  steam  for  cleaning  equipment,  much  of  the  volatile  organic  compounds 
would  be  removed  by  air  stripping.  The  small  fraction  of  any  residual  organic 
which  might  remain  on  the  equipment  afterwards  would  be  removed  through 
additional  volatilization  during  equipment  transport  to  well  sites  and/or 
physically  removed  during  well  development. 

Overall,  the  analytical  results  for  the  QA/QC  program,  both  for  field  and 
laboratory  work,  are  within  normal  acceptable  limits  for  conducting  environ¬ 
mental  sampling. 

4.2  EVALUATION  OF  THE  RESULTS  OF  SAMPLING  AND  ANALYSIS 

This  section  presents  a  discussion  and  interpretation  of  the  analytical 
results  as  reported  by  the  laboratory.  Background  levels  and  levels  of 
contaminants  reported  in  field  blanks  have  not  been  subtracted  from  these 
results  at  the  request  of  the  Air  Force.  Where  these  values  are  important  to 
site-specific  discussions,  however,  they  are  considered. 

The  evaluation  of  results  at  McEntire  ANG  Base  is  accomplished  by  a 
series  of  assessments: 

o  Examination  of  QA/QC  data  (as  described  in  Section  4.1); 

o  Comparison  with  background  levels; 

o  Comparison  with  appropriate  Federal  Criteria  and  standards;  and 

o  Examination  of  trends  in  observed  site  concentrations  (e.g., 
upgradient  vs.  downgradient  wells 

As  noted  previously,  samples  obtained  at  McEntire  ANG  Base  were  analyzed 
for  total  organic  carbon  (TOC),  total  organic  halogens  (TOX),  volatile  organic 
halogens,  volatile  aromatic  compounds,  arsenic  and  trace  met3ls,  and  oil  and 
grease.  Field  measurements  of  temperature,  pH  and  conductivity  were  also 
obtained  for  aqueous  samples.  Note  that  the  TOC,  TOX  and  oil  and  grease 
analyses  are  not  compound- spec i f ic  and  provide  data  on  the  total  level  of  a 
given  class  of  compounds.  These  analyses  are  conducted  for  screening  and 
preliminary  assessment  of  a  site,  and  provide  only  general  estimates  of 


4-10 


concentrations  of  contaminants.  Lacking  specific  concentrations  of  individual 
compounds,  this  information  has  only  limited  use  in  evaluating  human  health 
risks  associated  with  a  given  disposal  site. 


4.2.1  Identification  of  Background  Contaminant  Levels 

Background  contaminant  levels  are  reported  concentrations  observed  in 
environmental  media  in  the  absence  of  identified  sources  of  contamination. 

SAIC  contacted  the  South  Carolina  Department  of  Health  and  Environmental 
Control  (SCDHEC),  the  U.S.  Geological  Survey,  the  State  Geological  Survey,  and 
the  South  Carolina  Water  Resources  Commission  (SCWRC)  to  obtain  background 
groundwater  quality  information  on  the  region  in  which  McEntire  ANG  Base  is 
located.  SAIC  learned  that  a  report  is  presently  being  prepared  by  the  SCWRC 
in  which  will  be  characterized  the  quality,  depth,  and  direction  of  movement 
of  groundwater  in  the  area  of  McEntire  ANG  Base.  This  report  has  not  yet  been 
published,  however,  and  no  similar  reports  are  currently  available.  However, 
in  order  to  obtain  groundwater  quality  data  for  inclusion  in  their  report,  the 
SCWRC  sampled  the  base  water  supply  well  W-l.  A  summary  of  the  groundwater 
chemistry  observed  for  well  W-l  on  5/17/83,  as  reported  by  SCWRC  in  HMTC 
(1984)  is  as  follows: 


pH  =  5.6 

Chloride  =  3.64  mg/1 
Fluoride  =  0.02  mg/1 
Sulfate  =  2.89  mg/1 
Calcium  (total)  =  0.92  mg/ 1 
Iron  (total)  =  219  ug/1 


Magnesium  (total)  =  0.45  mg/1 
Potasium  (total)  =  0.27  mg/1 
Silica  (dissolved)  =  5.56  mg/1 
Silicon  (dissolved)  =  2.60  mg/1 
Sodium  (total)  =  3.9  mg/1 
Specific  Conductance  =  25  umhos/ cm 


These  data  provide  at  least  some  background  against  which  to  compare 
analytical  water  quality  information  at  McEntire  ANG  Base. 


In  addition  to  this  analytical  data,  the  following  were  estimated  as 
background  concentrations: 


o  Oil  and  Grease  =  1  rag/1  (water) 

10  mg/1  (soil  sediment) 

o  Total  organic  halogens  =  0.02  mg/ 1 

Volatile  organic  compounds  =  0.01  mg/1. 


o 


Background  levels  for  oil  and  grease  and  total  organic  halogens  were  estab¬ 
lished  based  on  the  past  experience  and  judgment  in  similar  circumstances,  of 
SAIC  senior  staff.  The  background  concentration  of  volatile  organic  compounds 
in  groundwater  was  established  using  data  from  the  EPA  Office  of  Drinking 
Water.  In  1982,  EPA  conducted  a  survey  of  466  randomly  selected  sites  (Ground 
Water  Supply  Survey)  for  29  non-trihalomethane  volatile  organic  contaminants 
(Sec  49  FR  Number  114,  Tuesday,  June  12,  1984).  Ninety-seven  percent  of  the 
ground  water  supplies  monitored  had  levels  of  volatile  organic  contaminant 
less  than  10  ug/1.  (Approximately  79%  of  the  systems  had  levels  below 
quantitation  limits.  None  had  measured  levels  above  100  ug/1).  Thus  10  ug/1 
can  be  supported  as  an  estimated  background  level. 

4.2.2  Identification  of  Federal  Criteria  and  Standards  for  Evaluation  of 
Analytical  Data 

Table  4-4  summarizes  Federal  human  health  criteria,  standards,  and 
guidelines  used  in  the  assessment  of  compounds  detected  during  the  Stage  1 
effort  at  McEntire  ANG  Base.  Groundwater  levels  are  most  appropriately 
evaluated  using  EPA  Drinking  Water  Standards-Maximum  Contaminant  Limits 
(MCLs) .  If  MCLs  are  not  available,  EPA  Carcinogen  Assessment  Group  (CAG) 
Cancer  Risk  Estimates  for  contaminants  in  drinking  water  are  used  for 
evaluating  the  significance  of  potentially  carcinogenic  compounds  in 
groundwater.  Recommended  maximum  contaminant  levels  (RMCLs)  and  Safe  Drinking 
Water  Act  Health  Advisories  are  used  in  the  absence  of  MCLs  for  evaluating 
non-carcinogenic  compounds  in  groundwater.  In  the  absence  of  other 
guidelines,  the  Clean  Water  Act  Ambient  Water  Quality  Control  (AWQC)  may  be 
used  as  an  approximate  indicator  of  contaminant  levels  of  concern  in 
groundwater . 

The  Clean  Water  Act  (AWQC)  are  most  appropriately  used  in  evaluating 
concentrations  of  contaminants  in  surface  water.  However,  if  the  surface 
water  is  clearly  used  as  a  drinking  water  source,  comparison  of  a  drinking 
water  standard  (i.e.,  MCL)  to  tap  water  concentrations  should  take  precedence 
over  comparison  of  surface  water  concentrations  with  AWQC.  No  published 
criteria  or  standards  are  currently  available  for  compounds  in  sediments  or 
soil. 
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TABUS  4-4.  UibKRAI.  HUMAN  MKAl-TH  CKUKKIA,  STANDARDS  AND  (ill  1  OKI.  I NKS 


Human  krai  1 It-  b.v»o«l  .tmhtrm  waivi  equality 


4.3  SITE-SPECIFIC  RESULTS  AND  FINDINGS 


In  this  section  an  evaluation  is  presented  of  the  results  of  sampling  and 
analysis  at  McEntire  ANG  Base.  For  each  site  and  environmental  medium 
sampled,  the  significance  of  observed  chemical  constituent  levels  is 
considered  with  regard  to  potential  impacts  on  human  health. 

4.3.1  Site  No.  1:  No.  5  Fire  Training  Area 

Site  No.  1  has  been  used  since  1970  for  fire  training  procedures.  During 
these  activities,  waste  oil,  solvent,  JP-4,  brake  and  transmission  fluids, 
paint  thinners  and  strippers,  hydraulic  fluid  and  other  combustible  materials 
were  disposed.  Analytical  results  for  Site  No.  1  are  summarized  in  Table  4-5. 
Location  of  sampling  sites  are  shown  in  Figure  4-1. 

The  results  of  soil  sampling  can  be  summarized  as  follows: 

o  Elevated  levels  of  oil  and  grease  were  observed 

o  Benzene  and  toluene  were  detected  at  elevated  levels  of  23  and  15 
ug/kg  respectively 

o  Levels  of  all  organic  halogens  were  less  than  1.0  rag/kg  in  all  samples 
o  No  purgeable  halocarbons  were  detected. 

The  low  levels  of  TOX  and  the  detection  of  benzene  and  toluene  suggest  that 
contamination  in  soils  of  Site  No.  1  is  related  to  the  presence  of  petroleum 
products  (e.g.,  JP-4). 

The  results  of  groundwater  sampling  are  as  follows: 

o  No  detectable  levels  of  oil  and  grease  or  purgeable  aromatics  were 
observed  in  groundwater. 

o  Several  purgeable  halocarbons  were  identified:  carbon  tetrachloride; 
dibromochloropropane ,  1 , 1 ,2-trichloroethane ,  and/or  cis-1 ,3-dichloro- 
propene  ( co-elution/co-occurrence) ;  1 , 1 ,2 ,2-tetrachloroethane  and/or 
tetrachloroethylene  (co- elution/ co- occurence) . 
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o  The  observed  concentration  of  carbon  tetrachlogide  in  MWl-4  (0.98 
ug/1)  exceeds  the  EPA  CAG  risk  estimate  of  10  for  exposure  to  0.27 
ug/1  in  drinking  water. 

One  plausible  explanation  for  the  observed  levels  of  volatile  aromatic 
compounds  and  volatile  halocarbon  compounds  detected  in  the  sediment  sample 
but  absent  in  groundwater  samples  could  be  stratification  of  the  compounds  in 
the  aquifer.  Volatile  organic  compounds  have  differing  specific  gravities 
which  cause  them  to  sink  or  float  in  an  aquifer  under  certain  conditions. 
Although  soluble  to  a  sufficient  degree  to  spread  throughout  the  water  column 
by  diffusion,  they  may  concentrate  within  a  certain  aquifer  zone  because  of 
specific  gravity  differences  and  aquifer  heterogeneities.  During  the  Stage  1 
sampling  effort,  groundwater  in  each  well  was  only  sampled  from  the 
approximate  midpoint  of  the  screened  interval.  If  compound  stratification 
were  occuring  within  the  aquifer,  only  a  select  group  of  compounds  would  have 
been  collected  by  the  sampling  method  employed. 

It  is  significant  to  note  that  MWl-4,  the  well  in  which  the  carbon 
tetrachloride  concentration  was  significantly  elevated,  as  noted  above,  does 
not  appear  to  be  directly  hydrological ly  downgradient  from  the  site.  As  a 
result,  without  more  definitive  data,  the  observed  contaminant  cannot  be 
positively  linked  to  the  site.  Since  this  compound  was  not  confirmed  by 
second  column  confirmation,  a  possibility  exists  that  interferences  may  be 
responsible  for  the  level  found  in  MWl-4. 

The  Stage  1  program  results  for  Site  No.  1  do  indicate  that  low  levels  of 
contaminants  exist  in  both  soil  and  groundwater,  and  point  to  past  site 
activities  as  the  possible  contaminant  source.  The  extent  to  which  the 
contaminants  exist  within  the  soil  and  groundwater  at  the  site  is  uncertain, 
and  will  require  additional  Phase  II,  Stage  2  sampling  to  ascertain. 

4.3.2  Site  No.  2:  No ,  1  Fire  Training  Area  and  Sr-nitary  Landfill 

The  No.  1  Fire  Training  Area  was  used  for  disposal  of  liquid  combustibles 
such  as  solvents,  paint  thinners,  gasoline,  JP-4 ,  etc.  The  sanitary  landfill 
received  domestic  refuse,  paint  thinner  and  stripper,  empty  pesticide 
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containers,  demolished  structures  and  other  materials.  Groundwater  samples 
were  taken  at  Site  No.  2.  The  analytical  results  are  presented  in  Table  4-6 
and  the  location  of  the  monitoring  wells  as  depicted  in  Figure  4-2.  The  key 
results  of  these  groundwater  analyses  are  as  follows: 


o  Levels  of  total  organic  chloride  and  total  organic  iodide  (0.04  and 
0.06  mg/1,  respectively)  were  slightly  above  the  anticipated 
background  level  of  0.02  mg/1  total  organic  halogen 

o  Halogenated  organic  compounds  were  detected  in  groundwater.  Observed 
raaximums  levels  of  tetrachloroethylene  or  1 , 1 ,2 ,2-tetrachloroethane 
(these  compounds  co-eluted/co-occured) ,  7.0  ug/l_£second  column 
confirmation  of  1.6  ug/1),  exceed  the  EPA  CAG  10  risk  level  of  1.0 
ug/1  (for  tetrachloroethylene) 

o  Concentration  of  chromium  0.07  mg/1  (MW2-1)  exceeds  the  MCL  for  this 
metal . 

o  Oil  and  grease,  while  detected  in  the  samples,  was  present  in 
unquantif iably  low  concentrations 

o  No  purgeable  aromatic  compounds  were  detected 


In  addition  to  tetrachloroethylene  and  1 , 1 , 2 , 2- tetrachloroethane ,  a 
number  of  other  halogenated  organic  compounds  were  detected  in  groundwater  and 
are  likely  associated  with  the  disposal  of  solvents  at  Site  No.  2.  The 
following  additional  compounds  were  detected: 

o  Chloromethane  (8.0  ug/1,  MW2-4); 
o  Methylene  chloride  (0.51  ug/1,  MW2-4); 
o  1 , 1-dichloroethane  (0.52  ug/1,  MW2-4); 
o  Trans-1 , 2-dichloroethy lene  (1.5  ug/1,  MW2-4); 
o  Chloroform  (0.11  ug/1,  MW2-4); 
o  1 , 1 , 1-tr ichloroe thane  (0.62  ug/1,  MW2-4); 

o  Trichloroethylene  (0.3,  1.2  and  0.27  ug/1  in  MW2-1;  MW2-4,  and  MW2-5 , 
respect ively; 

o  Co-elut ion/ co-occurence  of  dibromochloroemethane  ,  1 , 1 ,2-trichloro- 
ethane  and  c is- 1 , 3-d ichloropropene  (0.03  ug/1,  MW2-4  and  MW2-5 ) ;  and 

o  Broraof orm  (1.1  ug/l  in  GW2-5). 
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TABLE  4-6.  ANALYTICAL  RESULTS  FOR  SITE  NO.  2:  NO.  I  FIRE  TRAINING  AREA/ SANITARY  LANDFILL 
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Not  detected. 

Positive  result  but  at  unquaut i f iable  concentration  below  indicated  level. 


TABLE  4-6.  ANALYTICAL  RESULTS  FOR  SITE  NO.  2:  NO.  1  FIRE  TRAINING  AREA/ SANITARY  LANDFILL  (Continued) 
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Analysis  by  ERA  method  601-602.  Only  those  compounds  for  which  results  were  at  or  above  detection 
limits  are  listed.  See  Appendix  G  for  complete  listing  of  analytes. 

Second  column  confirmation  result. 

Unresolved  at  level  indicated. 

Not  detected  . 
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Figure 4-2.  Monitoring  Well  Locations;  Site  No.  2:  No.  1 
Fire  Training  Area/Sanitary  Landfill  Site. 
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Tetrachloroethylene  and  l , 1 , 2 , 2-te tr achloroethane  were  detected  in  the 
field  blank  and  bailer  wash  ( FB-8  and  BW-8  9/12/85)  but  at  levels  nearly  two 
orders  of  magnitude  less  than  the  maximum  observed  concentrations  in  MW2-5 . 

The  observed  maximum  concentration  of  7.0  ug/ 1  is  7  times  greater  than  the 
exposure  level  for  tetrachloroethylene  associated  with  a  cancer  risk  level  of 
10  although  it  should  be  noted  that  the  second  column  confirmation  value 
was  only  1.6  ug/1.  Although  none  of  the  other  purgeable  halocarbons 
individually  exceeded  the  10  ^  risk  levels,  or  other  National  criteria  or 
standards,  it  is  important  to  recognize  the  significant  of  combined  exposure 
to  the  mixture  of  contaminants,  several  of  which  are  potential  carcinogens. 
Other  potential  carcinogens  detected  in  groundwater  at  Site  No.  2  include 
1 , 1 , 1-trichloroethane,  1 , 1 , 2-trichloroethane ,  and  trichloroethylene. 
Concentrations  of  these  contaminants  correspond  to  risk  levels  <10 

Detection  of  elevated  levels  of  chromium  is  at  this  point  somewhat 
anomalous,  since  the  metal  was  measured  in  an  upgradient  well  only.  Further 
sampling  and  analysis  will  be  required  to  confirm  this  Phase  II,  Stage  1 
finding  and,  if  necessary,  to  evaluate  potential  sources  for  this  contaminant. 

A  second  anomaly  of  the  Site  No.  2  data  exists  in  the  fact  that  low 
levels  of  trichloroethylene,  1 , 1 ,2 ,2-tetrachloroethane  and  tetrachloroethylene 
(PCE)  were  also  detected  in  upgradient  well  sample  MW2-1.  In  addition,  the 
total  organic  chloride  level  measured  (0.04  mg/O  was  in  excess  of  the 
anticipated  background  level  (0.02  mg/1).  The  detected  presence  of  the 
previously  mentioned  compounds  in  upgradient  well  sample  MW2-1  cannot  be 
explained  with  certainty.  Because  of  its  close  positioning  with  the 
approximated  location  for  the  No.  1  Fire  Training  area,  the  observed  results 
are  possibly  due  to  this  source. 

4.3.3  Site  No.  3:  Y-Storage  Area 

Site  No.  3  was  a  storage  area  from  1947  to  1974  for  flammable  waste 
liquids  used  in  fire  training  procedures.  Groundwater  and  soil  samples  at  the 
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site  were  analyzed  for  TOX,  TOC,  oil  and  grease,  temperature,  pH,  and  conduc¬ 
tivity.  The  analytical  results  are  presented  in  Table  4-7,  and  the  monitoring 
locations  are  depicted  in  Figure  4-3.  From  the  available  data,  groundwater  at 
Sice  No.  3  does  not  appear  to  be  contaminated.  Analytical  results  are  as 
fol lows : 

o  Levels  of  total  organic  chloride  in  soil  ranged  from  1.3  to  4.6  mg/kg, 
and  levels  of  all  total  organic  halogens  in  soil  were  well  above 
expected  background  levels. 

o  Concentrat ion  of  total  organic  chloride  in  groundwater  (0.05  mg/1) 
were  slightly  elevated  above  expected  background  levels. 

Since  analysis  has  not  been  conducted  to  date  for  specific  organic 
contaminants,  it  is  not  possible  to  further  evaluate  the  significance  of  these 
observed  levels.  Results  for  TOC,  oil  and  grease,  temperature,  pH  and 
conductivity  however,  are  not  indicative  of  groundwater  contamination. 

4.3.4  Site  No.  4:  Oil  Dump  Site 

Site  No.  4  is  a  visible  oil  patch,  30  x  50  feet,  at  which  liquid  wastes 
were  disposed.  Soil  and  groundwater  samples  were  collected  at  the  site.  The 
analytical  results  are  summarized  in  Table  4-8.  Figure  4-4  depicts  the 
monitoring  locations.  The  key  results  are  as  follows: 

o  Soil  samples  were  contaminated  with  high  levels  of  oil  and  grease 

o  Levels  of  organic  chloride  in  groundwater  are  above  expected 
background  levels. 

As  shown  in  Table  4-8,  the  surface  soil  sample  (SD4-1)  contained  8000 
mg/kg  oil  and  grease.  Analysis  of  soil  samples  taken  at  5,  10  and  15  feet 
intervals  did  indicate  some  possible  migration  of  the  oil  and  grease  downward 
through  the  soil  column,  with  oil  and  grease  concentration  of  98,  140  and  55 
mg/kg  at  5,  10  and  15  feet,  respectively.  It  is  possible,  however,  that  some 
or  all  of  this  subsurface  oil  and  grease  could  be  attributed  to  caving  of 
highly  contaminated  surface  soils  into  the  borehole  during  sample  collection. 
Because  analysis  was  not  conducted  for  specific  organic  compounds,  it  is  not 
possible  to  identify  contaminants  of  concern. 
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Not  detec  ted  . 

Positive  result  but  at  unquanf i f i ab l e  concentration  below  indicated  level. 


Figure  4-3.  Monitoring  Well  and  Sampling  Locations;  Site  No.  3:  Y-Storage  Area. 
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Figure  4-4.  Monitoring  Well  and  Sampling  Locations;  Site  IMo.  4:  Oil  Dump  Site 


The  results  of  groundwater  sampling  for  oil  and  grease  do  not  indicate 
that  contanination  of  the  aquifer  has  occurred.  Measurements  for 
conductivity,  pH  and  temperature  for  samples  MW4-1,  MW4-2 ,  and  MW4-3  are  not 
indicative  of  groundwater  contamination.  Levels  of  total  organic  chloride, 
however,  (0.11  and  0.05  mg/1  for  samples  MW4-3,  and  MW4-4)  are  above  the 
expected  background  level  of  0.02  mg/1.  Although  concentrations  of  TOX ,  TOC 
and  oil  and  grease  in  MW4-4  do  not  point  to  contamination  of  groundwater, 
elevated  levels  of  conductivity  and  pH  are  suspect.  The  pH  of  sample  MW4-4 
was  10.09,  and  the  conductivity  was  155  (3  to  5  times  higher  than  for  the 
other  samples) .  These  high  values  may  possibly  be  attributed  to  grout 
contaminat ion  during  well  installation. 

4.3.5  Site  No.  5:  C-141  Spill  Trench 

In  1982,  a  large  quantity  of  JP-4  was  released  from  a  burning  aircraft 
and  transported  via  a  drain  pipe  into  the  drainage  trench  comprising  Site  No. 
5.  The  majority  of  the  fuel  was  absorbed  or  burned  off.  Sediment  and  ground- 
water  at  Site  No.  5  (Figure  4-5)  were  sampled  and  analyzed  for  TOX,  TOC,  oil 
and  grease  and  conductivity,  pH  and  temperature.  The  results  are  summarized 
in  Table  4-9.  As  shown,  there  is  no  indication  of  contamination  of  either 
sediment  or  groundwater  at  this  site.  It  is  important  to  note  however,  that 
sediment  sample  SD2-3  (Figure  4-8  and  Table  4-12),  obtained  directly  down¬ 
stream  of  the  spill  trench,  was  contaminated  with  ethylbenzene  and  inorganic 
contaminants  (arsenic  and  metals).  The  relationship  between  these  observed 
levels  and  activity  at  Site  No.  5  should  be  examined  in  greater  detail. 

4.3.6  Site  No.  6:  Unofficial  Dump  Site 

Site  No.  6  is  an  unofficial  dump  site  which  currently  contains  waste 
wood,  scrap  metal,  roofing  shingles  and  empty  paint  cans.  Soil  and 
groundwater  samples  were  analyzed  at  the  site.  The  analytical  results  are 
presented  in  Table  4-10,  and  the  location  of  the  monitoring  wells  and  soil 
sampling  point  are  indicated  in  Figure  4-6.  The  key  results  are  as  follows: 

o  Oil  and  grease  levels  were  elevated  in  soil  (170  mg/kg),  but  no 
volatile  organic  contaminants  were  detected 

o  Groundwater  samples  did  not  exhibit  contamination. 
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TABLE  4-10.  ANALYTICAL  RESULTS  FOR  SITE  NO.  6:  UNOFFICIAL  DUMP  SITE 


Groundwater  (mg/I) 


*Soil  (mg/kg) 


Parameter 

MW6-1 

05-08-85 

MW6-2 

05-08-85 

MW6-3 

05-08-85 

SD6-1 

05-13-85 

Total  Organic  Halogens: 

Organic  Chloride 

<0.01 

<0.01 

<0.01 

2.6 

Organic  Bromide 

ND 

ND 

ND 

0.32 

Organic  Iodide 

<0.01 

<0.01 

ND 

<0.05 

Total  Organic  Carbon: 

ND 

2 

ND 

— 

Oil  &  Grease  by  IR: 

<1 

<1 

<1 

170 

Metals : 

Arsenic 

<0.001 

0.004 

ND 

— 

Cadmium 

ND 

ND 

ND 

— 

Chromium 

<0.05 

<0.05 

ND 

— 

Copper 

<0.02 

0.02 

<0.02 

— 

Lead 

ND 

<0.05 

ND 

— 

Mercury 

0.0003 

0.0002 

<0.0002 

— 

Nickel 

ND 

<0.05 

<0.05 

— 

Selenium 

<0.001 

<0.001 

<0.001 

— 

Silver 

<0.02 

<0.02 

ND 

— 

Zinc 

<0. 02 

<0.02 

<0.02 

— 

Field  Parameters: 

Temperature  (°C) 

18.6 

17.8 

18.  5 

— 

pH  (std.  units) 

5.26 

4.88 

4.96 

— 

Conductivity  (umhos/cm) 

48 

20 

17 

— 

*Note :  So il  sample  SD6-1  also  analyzed  for  Volatile  Organic  Compounds  ( EPA 


method  846  /8010-8020).  None  were  detected. 

<  =  Positive  result  but  at  unquant i f iable  concentration  below  indicated  level. 
—  =  Not  analyzed  for. 

ND  =  Not  detected  . 
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Figure  4-6.  Monitoring  Weil  and  Sampling  Locations; 
Site  No.  6:  Unofficial  Dump  Site. 
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Paint,  tar-like  residues,  and  discolored  soils  were  apparent  at  the  site. 
The  one  soil  sample  taken  from  the  center  of  Site  No.  6  (SD6-1)  revealed 
elevated  levels  of  oil  and  grease  consistent  with  the  visually  observed 
contamination  at  the  surface.  No  analysis  was  conducted  for  TOC  in  soil. 
Levels  of  organic  chloride  were  2.6  mg/kg  but  no  volatile  organic  compounds 
were  detected  in  soil.  The  results  of  the  groundwater  monitoring  do  not 
indicate  that  surface  contamination  by  oil  and  grease  has  migrated  to 
groundwater . 

Groundwater  at  Site  No.  6  was  also  monitored  for  inorganic  contaminants. 
As  shown  in  Table  4-10,  none  of  the  measured  levels  of  these  compounds  are 
indicative  of  groundwater  contamination.  All  concentrations  of  these 
contaminants  are  below  Federal  criteria  and  standards.  Temperature,  pH  and 
conduct ivity  are  within  expected  ranges. 

4.3.7  Site  No.  7:  Drainage  Pond/ Swamp 

The  drainage  pond/ swamp  comprising  Site  No.  7  receives  drainage  from  a 
large  portion  of  McEntire  ANG  Base  as  well  as  discharge  water  from  an  off-base 
commercial  fertilizer  plant.  Samples  of  sediments  from  the  drainage 
pond/ swamp  were  obtained  and  evaluated  for  levels  of  contamination.  The 
analytical  results  are  summarized  in  Table  4-11.  Figure  4-7  indicates  the 
monitoring  locations.  Key  results  are  as  follows: 

o  Very  high  levels  of  phosphorous  are  observed  in  sediments 
o  Levels  of  nitrates  are  elevated 
o  Levels  of  oil  and  grease  were  elevated. 

Of  greatest  concern  at  Site  No.  7  are  the  very  high  levels  of  phosphorous 
in  the  sediments.  Concentrations  ranged  from  99  to  24,000  mg/kg  (sample 
SD7-6 ) .  Highest  levels  of  nitrate  (170  mg/kg)  were  observed  in  sample  SD7-6. 
The  observed  phosphorous  and  nitrate  contamination  ot  sediments  at  Site  no.  7 
however,  does  not  appear  to  be  associated  with  activities  on  base.  Looking  at 
the  distribution  of  concentration  profile,  phosphate  contamination  is  likely 
to  originate  off-site. 


4-34 


4-35 


Engineering 


Discharge 
Trench  / 


0*.  0,6,, 


S'^9e  Area 


f  r r  c rr „  r rr  r rr rrrr^rr  r  rrrrr* 


/  l» 

(  0  )  SD7-2 

•  O 

v  »* 

\  * ! 

SD7-3  — _ 

rrrrrkfjT 


Base  Boundary 

r rrrr rr r  *r  rrrrr  r  rr  r  r  rr  r  „r  r  r  r 


Private 

Property 


Highway  769 


' - - 


Legend 
r  rrrrr  Berm 

Seaboard  Coastline  RR 
X  Drainage  Pipe 
^  "y  Intermittent  Marsn 

▼  Sediment  Sampling  Location 
—  * - X  Fence 


Scale  in  Feet 


Figure  4-7.  Sampling  Locations ;  Site  No.  7:  Drainage  Pond/Swamp  Site. 
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Oil  and  grease,  organic  chloride,  and  organic  bromide  were  also  observed 
in  sediments  at  Site  No.  7.  Highest  levels  of  total  organic  chloride  were 
measured  in  samples  SD7-5  and  SD7-6;  3.4  and  2.0  mg/kg,  respectively.  Concen¬ 
trations  of  total  organic  bromide  were  highest  (0.26  mg/kg)  in  SD7-6.  From 
the  available  data  it  appears  that  the  contamination  of  samples  SD7-5  and 
SD7-6  by  organic  halogens  may  be  more  likely  associated  with  proximity  to 
Highway  76  and  the  Seaboard  Coastline  Railroad,  than  discharge  from  McEntire 
ANG  Base.  This  is  supported  by  the  lower  concentration  observed  in  the 
samples  collected  on  the  base.  Levels  of  oil  and  grease  were  elevated  in 
sample  SD7-1  (110  mg/kg)  and  most  likely  originate  from  the  petroleum,  oil, 
and  lubricants  (POL)  storage  area.  The  reasons  for  the  elevated  oil  and 
grease  concent  rat  ion  in  SD7-6  cannot  be  pinpointed  with  the  data  available. 

4.3.8  Cedar  Creek  and  Tributary  Drainage  Swale 

To  evaluate  the  impacts  of  potential  contaminant  movement  from  the 
various  sites  identified  at  McEntire  ANG  Base  on  Cedar  Creek  as  it  flows 
through  and  drains  the  base  area,  the  study's  sampling  effort  included  the 
creek  and  a  tributary  drainage  swale.  Surface  water  and  sediment  samples  were 
obtained  from  Cedar  Creek  and  a  tributary  drainage  swale,  and  evaluated  for 
levels  of  contamination.  Four  samples  were  taken  on  base  and  two  samples  off 
base  (one  north  and  one  south  of  McEntire  ANG  Base  boundaries).  Figure  4-8 
shows  the  locations  of  the  sampling  points,  and  analytical  data  are  summarized 
in  Table  4-12. 

The  key  results  are  as  follows: 

o  Tetrachloroethylene  and  1 , ' ,2 , 2-tet rachioroethane  were  detected  in  all 
surface  water  samples  ( co-eluted/ co-occurgence) .  The  maximum  observed 
concentration  (0.66  ug/1)  exceeds  the  10  risk  level  (EPA  AWQC)  of 
0.17  ug/1  for  1 , 1 , 2 , 2- tetrachloroethane 

o  Sediment  samples  were  found  to  contain  arsenic  and  trace  metals. 

The  maximum  observed  concentration  of  tetrachloroethylene  and  1, 1,2,2- 
tetrachloroethane  (0.66  ug/1  SW2-1),  is  below  the  exposure  concentration  (EPA 
Ambient  Water  Quality  Criterion)  associated  with  a  cancer  risk  level  of  10  ^ 


4-37 


Figure  4-8.  Sampling  Locations:  Cedar  Creek  and  Tributary  Drainage  Swale. 
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Not  detected 


for  tetrachloroethy lene  (0.8  ug/1)  but  exceeds  the  10  ^  level  for  1,1, 2, 2- 
tet rachloroethane  (0.17  ug/1)  by  more  than  4  times.  In  addition,  levels  in 
sample  SW2-5  are  equal  to  the  10  ^  risk  level  for  1 , 1 , 2 ,2-tetrachloroethane . 
Note  that  the  concentration  in  sample  SW2-1  is  more  than  5  times  the  levels 
detected  in  the  field  blank  (FB-8,  9/12/85).  Given  the  observed  levels  of 
contamination  by  the  purgeable  halocarbons,  surface  waters  of  Cedar  Creek 
should  be  considered  to  pose  a  potential  risk  to  human  health.  Additional 
sampling  and  analysis  is  also  warranted  here  to  determine  whether  the  observed 
levels  of  these  compounds  are  emanating  from  the  northwestern  corner  of  the 
base  or  from  an  off-base  source.  The  results  of  surface  water  sampling  do  not 
indicate  contamination  by  inorganic  compounds. 

Analysis  of  sediment  samples  from  Cedar  Creek  and  the  drainage  swale  did 
not  indicate  contamination  of  this  substrate  by  purgeable  organic  compounds. 
Only  ethylbenzene  was  detected  (single  sample,  SD2-3)  at  a  concentration  of 
0.92  ug/kg.  Levels  of  oil  and  grease  ranged  from  2.2  to  3.2  mg/kg.  Concen¬ 
tration  of  total  organic  halogens  were  0.1  mg/1  or  less  for  all  samples. 
However,  metals  were  observed  with  the  highest  concentrations  for  arsenic, 
chromium,  copper,  lead,  nickel  and  zinc.  Highest  levels  of  metals  were 
observed  in  sanples  SD2-3  and  SD2-4.  These  were  obtained  downstream  from  the 
drainage  swale  which  originates  in  Site  No.  5  and  passes  through  Site  No.  2. 
Site  Nos.  5  and  2  are  thus  implicated  as  possible  sources  of  metals 
concentrations  in  the  drainage  swale. 

From  the  limited  data  available,  no  clear  trend  is  apparent  in  results  of 
off  base  versus  on-base  sampling  and  analysis,  or  in  upstream  versus  down¬ 
stream  values . 

4.3.9  Base  Supply  Well 

During  the  Phase  Ha  presurvey  visit  to  McEntire  ANG  Base,  two  water 
supply  production  wells  (W-l  and  W-2)  that  draw  water  from  underlying  deep 
aquifers  were  sampled.  Results  of  analysis  of  the  presurvev  samples  indicated 
that  the  groundwater  in  the  vicinity  of  well  number  W-l  may  be  contaminated  bv 
organic  halogen  compounds.  Levels  of  total  organic  chloride  measured  were 
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0.03  and  0.003  mg/1  for  wells  W-l  and  W-2 ,  respectively.  Because  well  W-l  is 
a  source  of  drinking  water  at  the  base,  it  was,  at  SAIC1 s  suggestion, 
resampled  and  analyzed  for  volatile  organic  compounds  (EPA  601-602).  The 
analytical  data  are  presented  in  Table  4-13.  Locations  of  the  monitoring 
wells  are  depicted  in  Figure  4-9.  As  the  data  show,  tetrachloroethylene  and 
1 , 1 ,2,2-tetrachloroethane  were  detected  in  the  well  sample  (co-eluted/ 
co-occurrences)  at  a  concentration  of  5.1  ug/1.  It  should  be  noted  that  the 
field  blank  and  bailer  wash  contained  low  levels  of  these  compounds  (0.12  ug/1 
and  0.08  ug/1,  respectively),  as  shown  in  Table  4-1.  There  is  currently  no 
Maximum  Contaminant  Limit  (MCL)  for  either  compound.  Both  compounds  are 
considered  potential  carcinogens,  however,  by  both  the  EPA  Office  of  Drinking 
Water  and  Office  of  Water  Regulations  and  Standards.  A  projected  upper  limit 
excess  lifetime  cancer  risk  of  10  ^  has  been  estimated  for  exposure  to  1.0 
ug/1  tetrachloroethylene  and  0.17  ug/1  1 , 1 ,2 ,2-trichloroethane  in  surface 
water  (AWQC). 
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TABLE  4-13.  ANALYTICAL  RESULTS  FOR  BASE  SUPPLY  WELL  W-l 


Parameter 

W-l 

W-l 

05-07-84 

09-12-85 

Total  Organic  Halogens  (mg/1): 


Organic  Chloride 

0.03 

— 

Organic  Bromide 

ND 

— 

Organic  Iodide 

0.002 

— 

Total  Organic  Carbon  (mg/1): 

ND 

— 

Oil  &  Grease  by  IR  (mg/1): 

ND 

— 

*Purgeable  4romatics  ( ug/ 1 ) : 

— 

ND 

*Purgeable  Holocarbons  (ug/1): 

Chloroform 

— 

ND 

Bromodichlorome thane 

— 

ND 

Dibromochlorome thane 

— 

ND 

Tr ichloroethane 

— 

ND 

Cis-1 , 3-Dichloropropene 

— 

ND 

Bromoform 

— 

ND 

Tetrachloroethane  ,  1,1, 2, 2- 

— 

UR(5 . 1  ) 

[ UR( 1.3)] 

Tetrachloroethylene 

UR ( 5 . 1  ) 

[ UR( 1  .3)] 

Field  Parameters: 

Temperature  ("C) 

21  .0 

20.5 

pH  ( std .  units) 

5.0 

4.9 

Conductivity  (umhos/cm) 

26.5 

26.0 

*Analysis  by  EPA  Method  601-602.  Only  those  compounds  for  which  results  were 
at  or  above  detection  limits  are  listed.  See  Appendix  G  for  complete  listing 
of  analytes. 

[]  *  Second  column  confirmation  result. 

UR  =  Unresolved  at  level  indicated. 

ND  3  Not  detected. 

=  Not  analyzed  for. 
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Figure  4-9.  Base  Supply  Wells  Monitoring  Locations. 
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5.0  ALTERNATIVE  MEASURES 


Findings  summarized  in  Section  4.0  indicate  the  need  for  additional 
monitoring  at  several  McEntire  ANG  Base  sites  where  the  full  extent  of 
contamination  could  not  be  determined  with  available  data.  This  section 
discusses  options  available  to  obtain  the  necessary  data  and  permit  character¬ 
ization  of  the  extent,  magnitude,  and  direction  of  movement  of  contamination 
at  certain  base  sites.  Section  5.1  deals  with  the  analytical  alternatives 
that  must  be  considered  in  planning  future  work  at  the  site.  These  analytical 
alternatives  are  similarly  applicable  to  the  monitoring  programs  proposed  for 
each  of  McEntire' s  sites.  Section  5.2  presents  the  specific  monitoring  alter¬ 
natives  that  are  available  to  fill  observed  data  gaps  at  each  of  the  base 
sites.  Recommendations  for  further  study  at  each  site,  which  address  in 
detail  both  analytical  and  monitoring  considerations,  are  then  presented  in 
Section  6. 

5.1  ANALYTICAL  ALTERNATIVES  APPLICABLE  TO  MORE  THAN  ONE  SITE 

The  analytical  alternatives  available  for  the  site  specific  monitoring 
alternatives  proposed  in  Section  5.2  are  as  follows: 


1.  Analysis  for  indicator  parameters  (TOX,  oil  and  grease).  A 
monitoring  program  implemented  using  this  analysis  would  provide  a 
cost-effective  means  of  evaluating  the  extent  to  which  compounds  may 
have  migrated  within  the  soils  at  the  site,  but  would  not  identify 
the  specific  compounds  present. 

2.  Analysis  using  a  modified  EPA  Method  624.  The  detected  presence  of 
benzene  and  toluene,  and  the  elevated  level  of  oil  and  grease,  sug¬ 
gests  the  material  detected  in  the  sediment  samples  from  a  number  of 
sites  was  JP-4.  A  monitoring  program  implemented  using  this 
alternative  would  identify  JP-4  and  its  major  constituents. 

3.  Analysis  for  base/neutral  and  acid  extractable  organics  groups  from 
the  Priority  Pollutant  list  using  EPA  Method  8250  ( soil/ sediment)  and 
volatile  organic  compound  analysis  using  EPA  Methods  601-602  (water) 
and  846/8010-8020  ( soil/ sediment) .  The  elevated  total  organic 
bromide  and  oil  and  grease  levels  measured  in  the  sediment  samples 
from  several  sites  may  be  due  to  organic  solvents  known  Co  have  been 
disposed  there.  A  monitoring  program  implemented  using  this  alter¬ 
native  would  characterize  a  range  of  organic  compounds  suspected  to 
be  present  at  these  sites.  This  program  would  also  analyze  for 
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non-volatile  chlorinated  organic  compounds.  Because  a  number  of 
years  have  elapsed  since  possible  contamination  occurred  at  the  base 
sites,  the  likeliness  that  volatile  organic  compounds  would  still 
exist  in  some  of  the  surface  soils  is  low.  However,  volatile  organic 
compounds  may  have  migrated  through  the  soils  to  the  water  table  and 
may  still  persist  in  the  underlying  aquifer  at  low  levels.  There¬ 
fore,  groundwater  analysis  would  include  volatile  organic  compound 
analysis  using  EPA  Methods  601-602. 

4.  Analysis  for  complete  Priority  Pollutant  list.  A  wide  range  of  waste 
liquids  were  disposed  at  several  of  the  sites,  and  Stage  1  analysis 
was  somewhat  limited.  A  monitoring  program  implemented  using  this 
analytical  alternative  would  check  for  a  wider  range  of  compounds 
which  may  be  present  at  the  sites.  This  method  of  analysis  would  be 
most  costly  if  applied  to  all  samples.  However,  if  applied  to  one  or 
several  samples  obtained  from  strategic  site  locations,  this  alter¬ 
native  would  provide  a  list  of  compounds  present,  from  which 
decisions  could  be  made  as  to  which  group  of  compounds  (or  compound) 
should  be  targeted  for  analysis  and  what  analytical  method(s)  would 
be  best  suited  for  implementation  with  subsequent  monitoring 
programs . 


5.2  SITE  SPECIFIC  MONITORING  ALTERNATIVES 

5.2.1  Site  No.  1:  No .  5  Fire  Training  Area 

As  noted  earlier  in  this  report,  Site  No.  1  was  a  disposal  area  for  waste 
oil,  solvent,  JP-4,  brake  and  transmission  fluids,  paint  thinners  and 
strippers,  hydraulic  fluid  and  other  combustibles.  Phase  II  sampling  and 
analysis  indicated  elevated  levels  of  oil  and  grease,  benzene,  and  toluene  in 
site  soils,  particularly  in  samples  from  the  fire  pit  itself.  Groundwater 
samples  showed  elevated  purgeabie  halocarbon  levels,  with  carbon  tetrachloride 
in  particular,  exceeding  EPA  CAG's  cancer  risk  estimate  value.  Given  these 
elevated  levels  of  contaminants,  a  "no  further  action"  alternative  is  not 
viable  at  this  site. 

The  following  data  needs  have  been  identified  for  better  defining  the 
soil  and  groundwater  contamination  problems  at  Site  No.  1: 

•  Additional  data  is  required  tc.  better  define  the  areal  extent  of 

contamination  and  to  determine  whether  contaminant  concentrations  are 
limited  to  the  fire  pit  itself,  as  this  study  tentatively  suggests; 


5-2 


•  Additional  data  is  required  in  the  fire  pit  area,  where  the  highest 
contaminant  levels  have  been  identified,  to  evaluate  their  extent  of 
vertical  movement; 

•  Additional  data  is  required  to  confirm  the  presence  of  the  identified 
groundwater  contaminants  and  identify  the  extent  of  their  movement 
downgradient  from  the  site. 


Alternatives  for  acquiring  soils  data  to  fill  identified  gaps  are 
discussed  below. 


1.  Establish  a  sampling  grid  and  obtain  surface  soil  samples  from  within 
the  fire  pit  and  at  increasing  distances  away  from  the  perimeter  of 
the  fire  pit.  Every  effort  should  be  made  to  ensure  that  one  arm  of 
this  grid  lies  in  the  swale  through  which  the  site  drains,  to  permit 
additional  sampling  there.  This  will  provide  information  on  the 
areal  extent  of  soil  contamination,  but  will  not  provide  information 
on  depths  of  contamination. 

2.  Obtain  soil  samples  at  incremental  depths.  This  alternative  would 
provide  information  on  the  depth  and  levels  to  which  the  compounds 
exist  in  the  soils  beneath  the  site.  Two  options  can  be  implemented 
as  part  of  this  alternative: 

•  Obtain  soil  samples  at  incremental  depths  at  the  center  of  the 
fire  pit ;  and 

•  Obtain  soil  samples  at  incremental  depths  in  conjunction  with 
Alternative  1. 


The  first  option  would  provide  information  on  the  depth  and  levels  to 
which  the  compounds  exist  within  the  soil  directly  beneath  the  fire 
pit,  but  would  not  further  define  the  areal  extent  of  the  compounds 
in  the  soil  beyond  the  pit.  This  option  can,  however,  be  implemented 
prior  to  implementing  the  second  option  to  provide  for  a  preliminary 
assessment  of  the  target  depth  to  which  incremental  depth  sampling 
should  be  performed.  The  latter  option  would  characterize  both  the 
areal  extent  and  the  depth  to  which  chemical  compounds  occur  within 
the  soil,  providing  both  a  horizontal  and  vertical  chemical  concen¬ 
tration  profile  of  the  site. 
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Alternatives  for  acquiring  required  additional  groundwater  data  for  this  site 
include  the  following. 


1.  Perform  depth -discrete  sampling  at  existing  monitoring  wells.  This 
would  identify  whether  chemical  compound  stratification  is  occurring 
in  the  aquifer  beneath  the  site,  and,  if  occurring,  would  character¬ 
ize  both  the  vertical  and  horizontal  extent  of  the  compounds  in  the 
water  table  aquifer. 

2.  Install  an  additional  monitoring  well  approximately  500  feet  hydrau¬ 
lically  downgradient  of  the  site.  The  Stage  1  results  revealed  the 
presence  of  purgeable  halocarbon  compounds  at  levels  in  excess  of 
state  and  Federal  drinking  water  and  health  standards  in  the  ground- 
water  downgradient  from  the  site.  Implementing  this  monitoring 
alternative  would  enable  an  evaluation  of  whether  the  chemical 
compounds  are  being  attenuated  in  the  groundwater  system  and  their 
potential  extent  of  migration. 

3.  Establish  the  vertical  and  horizontal  extent  of  contamination  at  this 
site  using  soil  gas  analysis  techniques.  Soil  gas  investigations 
involve  analyzing  soil  pore  gas  to  detect  the  underground  presence  of 
volatile  chemicals  such  as  solvents,  cleaning  fluids,  and  hydro¬ 
carbons.  This  monitoring  alternative  can  be  implemented  to  collect 
additional  data  on  the  areal  extent  of  volatile  organic  compounds 
within  the  soil  at  this  site  and  can  be  used  to  characterize  their 
presence  and  level  in  groundwater  (i.e.,  define  a  potential  plume). 

It  is  also  useful  as  an  additional  information  source  in  the  siting 
of  additional  monitoring  wells,  and  would  be  valuable  from  that 
standpoint  if  Alternative  2  were  implemented.  However,  this  tech¬ 
nique  cannot  be  used  to  detect  nonvolatile  compounds  (which  may  also 
be  present  at  this  site)  and  their  potential  extent  of  migration. 


5.2.2  Site  No.  2:  No.  1  Fire  Training  Area/Sanitary  Landfill 

As  noted  in  previous  sections,  this  site  reportedly  received  significant 
volumes  of  mixed  hydrocarbon  solvents,  waste  motor  oils,  and  contaminated 
100-octane  fuel.  Groundwater  analyses  for  this  site  revealed  very  slightly 
elevated  TOX  levels  and  elevated  organic  halogen  concentrations,  with  one 
compound  exceeding  the  EPA  CAG  10  ^  risk  level.  A  chromium  concentration 
exceeding  the  MCL  was  identified  in  a  well  which  appears  to  hydrological ly 
upgradient  from  the  site  itself.  In  addition,  low  levels  of  purgeable 
aromatics  were  detected  in  a  second  well  which  also  appears  to  be  upgradient. 
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Based  on  this  data,  the  existence  of  groundwater  contamination  in  the 
vicinity  of  this  site  has  been  established  and  a  no  action  alternative  is  not 
considered  viable.  Stage  1  data  clearly  indicates  that  low  level  groundwater 
contamination  is  occurring  in  this  area  and  that  the  likely  source  is  Site  No. 
2.  However,  hydraulic  gradients  are  very  slight  in  this  section  of  the  base, 
and  it  is  uncertain  whether  a  true  upgradient  monitoring  well  has  been 
established  at  this  site.  Thus,  it  cannot  be  confirmed  at  this  point  that 
Site  No.  2  is  in  fact,  the  contaminant  source.  To  fill  this  data  gap  at  Site 
No.  2,  several  alternatives  could  be  instituted: 

1.  Re-sample  existing  wells.  This  alternative  could  be  implemented  with 
any  of  the  several  analytical  sub-options  noted  in  Section  5.1,  but 
regardless  of  the  sub-option  selected  or  the  new  and  more  definitive 
analytical  data  generated,  the  mentioned  uncertainty  in  site 
hydrology  would  still  make  it  difficult  to  be  certain  that  the  site 
was  in  fact  the  source  of  any  contaminants  observed. 

2.  Install  an  additional  monitoring  well  further  from  the  site  in  the 
tentatively  established  upgradient  direction  (to  generate  better  site 
background  data)  and  resample/ reanalyze  all  wells.  This  would  permit 
confirmation  of  groundwater  contamination  in  the  area  and  a  better 
definition  of  the  contaminant  source  as  per  the  objectives  of  the 
Phase  II  IRP.  At  a  minimum,  sample  analysis  should  be  performed  for 
those  analytes  tested  during  Stage  1. 


The  Stage  1  results  for  this  site  suggest  that  the  predominant  waste 
types  detected  are  organic  solvents  known  to  have  been  disposed  in  this  area 
(measured  TOC  and  oil  and  grease  levels  were  below  their  respective  detection 
limits).  As  an  analytical  alternative,  additional  sample  analysis  for  base/ 
neutral  and  acid  extractable  organics  groups  from  the  Priority  Pollutant  list 
could  be  performed  to  assess  the  likely  presence  of  nonvolatile  organic 
compounds . 

5.2.3  Site  No.  3:  Y-Storage  Area 

As  noted  in  earlier  sections  of  this  report,  Sice  No.  3  was  a  pad  storage 
area  for  waste  oil,  solvents,  gasoline,  JP-4,  and  other  combustible  liquids. 
Analytical  data  generated  to  date  shows  somewhat  elevated  levels  of  total 
organic  chloride  in  both  soils  and  groundwater,  and  total  organic  halogen 
levels  significantly  higher  than  expected  background  levels  in  the  site's 
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soil.  As  a  result  of  this  data,  a  no  action  alternative  is  not  considered 
viable  at  Site  No.  3. 


The  TOX  levels  measured  in  the  samples  obtained  during  the  Stage  1  effort 
are  suggestive  of  environmental  contamination  resulting  from  past  activities 
which  occurred  at  this  site.  However,  the  identity,  magnitude,  toxicity  and 
potential  extent  of  the  compound(s)  detected  are  unknown.  In  order  to  meet 
the  objectives  of  Phase  II  of  the  IRP,  additional  monitoring  is  warranted  for 
this  site. 


The  following  monitoring  and  analytical  alternatives  should  be  considered 
to  more  thoroughly  characterize  the  identify  and  magnitude  of  the  compound(s) 
present  and  the  extent  to  which  they  occur  at  Site  No.  3. 


1.  Resample  the  Stage  1  groundwater  and  surface  soil  monitoring 
locations  and  perform  analysis  to  determine  the  identity  of  the 
compound(s)  present.  This  would  provide  information  on  the  identify, 
magnitude,  and  toxicity  of  the  chemical  compound(s)  present  in  soils 
and  groundwater.  However,  additional  information  on  the  potential 
extent  of  contaminant  migration  would  not  be  gained. 

2.  Obtain  soil  samples  at  incremental  depths  at  a  Stage  1  surface  soil 
sampling  location.  This  alternative  would  provide  information  on  the 
depth  to  which  the  compounds  may  have  migrated  beneath  the  site  and 
would  aid  in  determining  whether  the  compounds  in  the  soil  have 
migrated,  or  are  migrating,  toward  the  water  table  aquifer.  This 
alternative  would  not,  however,  further  define  the  areal  extent  of 
the  compounds  in  the  soil  at  the  site. 

3.  Establish  a  sampling  grid  and  obtain  surface  soil  samples  at 
increasing  distances  from  the  site.  This  would  further  define  the 
areal  extent  of  the  compounds  in  the  soil  at  Site  No.  3,  but  would 
not  provide  information  on  the  depth  to  which  the  compounds  may  have 
migrated.  However,  this  alternative  can  be  implemented  prior  to 
implementing  Alternative  4  in  order  to  establish  the  areal  limits 
within  which  soil  borings  should  be  performed. 

4.  Obtain  soil  samples  at  incremental  depths  in  conjunction  with 
Alternative  3.  This  alternative  would  characterize  both  the  areal 
extent  and  the  depth  to  which  chemical  compounds  occur  within  the 
soil,  permitting  remedial  measures  for  Site  No.  3  to  be  evaluated,  if 
necessary. 
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5.2.4  Site  No.  4:  Oil  Dump  Site 


Site  No.  4  consists  of  a  sizable  visible  patch  of  oil,  evidence  of  past 
oil  disposal  of  undetermined  extent.  As  would  be  expected,  soil  samples  in 
the  area  showed  extremely  high  oil  and  grease  levels.  Levels  of  organic 
chloride  in  groundwater  were  also  above  the  anticipated  background.  The 
following  gaps  have  been  identified  in  the  data  generated  to  data  for 
Site  No.  4: 


•  Although  analytical  data  reflected  some  oil  and  grease  contamination 
extending  vertically  beneath  the  oil  dump  site,  possible  sampling 
problems  (contaminated  surface  soils  may  have  been  sloughing  into  the 
hole  during  collection  of  deeper  samples)  render  that  data  suspect. 
Thus,  extent  of  contaminants  beneath  the  site  is  still  unclear. 

•  Specific  compounds  occurring  in  both  the  contaminated  soils  and 
groundwater  should  be  identified. 

•  Areal  extent  of  contamination  should  be  established. 

The  following  alternatives  should  be  considered  to  address  these  data 
needs : 


1.  Resample  Stage  1  groundwater  and  soil  monitoring  locations  and 
perform  analysis  to  determine  the  identity  of  the  compounds  present. 
This  would  provide  information  on  the  identity,  magnitude,  and 
toxicity  of  the  chemical  compounds  present.  However,  additional 
information  on  the  potential  extent  of  migration  would  not  be  gained. 

2.  Establish  a  sampling  grid  and  obtain  surface  soil  samples  at  the 
center  of  the  site,  along  its  periphery,  and  at  increasing  distances 
away  from  the  site.  This  would  further  define  the  areal  extent  of 
the  compounds  in  the  soil  at  the  site  and  can  be  implemented  prior  to 
implementing  Alternative  3  in  order  to  establish  the  areal  limits 
within  which  soil  borings  should  be  performed. 

3.  Obtain  soil  samples  at  incremental  depths  in  conjunction  with 
Alternative  2  to  characterize  both  the  areal  extent  and  depth  to 
which  chemical  compounds  occur  within  the  soil. 


5.2.5  Site  No.  5:  C— 141  Spill  Trench 

As  noted  earlier,  this  site  represents  the  flow  path  taken,  prior  to 
clean-up,  by  a  large  quantity  of  JP-4  released  from  a  burning  C-141  aircraft. 
The  Stage  1  results  do  not  indicate  the  presence  of  chemicals  which  may  be 
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hazardous  Co  human  health  or  Che  environment  in  Che  sediment  or  groundwacer  at 
Site  No.  5.  However,  ethylbenzene,  chromium,  and  lead  were  detected  in 
sediment  sample  SD2-3,  obtained  approximately  300  feet  downstream  from  Site 
No.  5  in  the  tributary  drainage  swale  to  Cedar  Creek  (see  Table  4-12  and 
Figure  4-8).  Because  the  sediment  samples  obtained  from  Site  No.  5  were 
analyzed  for  TOX  and  oil  and  grease  only,  the  presence  of  ethylbenzene, 
chromium,  and  lead  may  have  gone  undetected.  Alternatively,  the  source  of 
these  substances  may  be  from  another  drainage  ditch  which  joins  Site  No.  5 
just  upstream  of  SD2-3.  This  represents  a  data  gap  that  should  be  addressed 
during  the  course  of  Phase  II,  Stage  2  follow-on  work  at  McEntire  ANG  Base. 
Given  that  Site  No.  5  itself  showed  no  contaminants  of  any  kind  based  upon  the 
program  conducted,  however,  the  no  action  alternative  is  considered  viable  for 
the  site  itself  and  is  recommended  in  Section  6.0.  The  issue  of  the  contam¬ 
inants  that  were  evident  in  the  drainage  swale  some  distance  downstream  from 
Site  No.  5  does  warrant  further  investigation,  however,  and  appropriate 
d iscuss ion/ al ternat ives  for  that  aspect  of  the  investigation  are  presented  in 
Section  3.2.8,  which  deals  specifically  with  Cedar  Creek  and  the  tributary 
drainage  swale. 

5.2.6  Site  No,  6:  Unofficial  Dump  Site 

This  unofficial  dump  site  contains  a  typical  array  of  scrap  wood,  metal, 
construction  materials,  and  empty  paint  cans,  and  showed  somewhat  elevated  oil 
and  grease,  total  organic  chloride,  and  total  organic  bromide  levels  in  the 
soils  sampled.  The  analytical  results  for  the  groundwater  samples  obtained 
during  Stage  1  show  no  indication  that  chemicals  which  may  be  hazardous  to 
human  health  or  the  environment  are  present. 

The  Stage  1  results  suggest  hazardous  compounds  may  be  present  in  the 
soil  at  this  site  and  that  the  compounds  have  not  yet  migrated  to  the  water 
table  aquifer.  The  identity,  magnitude  and  toxicity  of  the  compounds  present 
and  their  extent  within  the  soils  have  not  been  determined,  and  thus  represent 
a  data  gap.  Areal  extent  of  contamination  within  the  soils  is  also  unknown  at 
this  point. 
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The  following  represent  monitor ing/analyt 
applied  to  Site  No.  6  daring  a  Phase  II,  Stage 


ical  alternatives  that  could 
2  follow-on  investigation: 


be 


1.  A  no  action  alternative  is  viable  for  consideration  here  since  data 
available  indicate  that  no  contaminants  are  leaving  the  site  via 
groundwater.  However,  without  a  more  concise  definition  of  the 
specific  contaminants  present  in  the  site  soil,  it  cannot  be  assured 
that  contaminants  will  not  in  the  future  migrate  into  the  groundwater 
beneath  the  site. 

2.  Obtain  a  surface  soil  sample  at  the  Stage  1  monitoring  location  and 
perform  analysis  to  determine  the  identity  of  the  compounds  present. 
This  would  not,  however,  provide  information  on  either  areal  extent 
or  depth  of  contamination. 

3.  Obtain  soil  samples  at  incremental  depths  at  the  Stage  1  surface  soil 
sampling  location.  This  would  provide  information  on  vertical 
contaminant  migration,  but  again  would  provide  no  areal  information. 

4.  Establish  a  sampling  grid  and  obtain  surface  soil  samples  at 
increasing  distances  from  the  site  to  further  define  the  areal  extent 
of  the  compounds  in  the  soil  at  Site  No.  6.  This  approach  would  not 
provide  information  on  the  depth  to  which  the  compounds  may  have 
migrated.  However,  this  alternative  can  be  implemented  prior  to 
implementing  Alternative  5  to  establish  the  areal  limits  within  which 
soil  borings  should  be  performed. 

5.  Obtain  soil  samples  at  incremental  depths  in  conjunction  with 
Alternative  4.  This  would  finalize  the  required  data  on  vertical  and 
areal  extent  of  contaminant  migration  at  the  site. 


5.2.7  Site  No.  7:  Drainage  Pond/Swamp 

As  noted  in  previous  sections  of  this  report.  Site  No.  7  receives 
drainage  from  both  a  significant  portion  of  the  base  and  an  off-base  com¬ 
mercial  fertilizer  plant.  Analytical  data  for  sediments  sampled  here  showed 
extremely  high  levels  of  phosphorous,  as  well  as  elevated  levels  of  nitrates 
and  oil  and  grease.  Review  of  sampling  locations  and  analytical  data  suggests 
that  phosphorous  and  nitrate  concentrations  in  the  sediments  are  probably 
attributable  to  an  off-base  source,  possibly  the  nearby  commercial  plant. 
However,  levels  of  phosphorous  observed  in  samples  SD  7-1  and  SD  7-3,  which 
cannot  be  attributed  to  off-site  sources,  warrant  additional  investigation. 

In  addition,  the  oil  and  grease  concentrations  noted,  particularly  in  sample 
SD  7-1,  upstream  from  the  site  and  adjacent  to  a  POL  Area,  do  not  appear  to 
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emanate  from  this  site.  Additional  data  would  be  required  to  better 
understand  and  account  for  these  values. 


Given  the  analytical  findings  summarized  above,  a  no  action  alternative 
is  considered  viable  for  Site  No.  7,  since  available  data  does  not  point  to 
significant  contaminant  levels  in  the  drainage  pond/ swamp  itself.  Questions 
raised  particularly  by  the  oil  and  grease  levels  in  the  drainage  ditch 
upstream  from  the  site  do,  it  is  felt,  require  clarification.  To  provide  the 
needed  information,  several  soil  monitoring  alternatives  are  available: 


1.  Resample  at  the  three  on-base  points  included  in  the  previous  program 
and  analyze  samples  for  the  same  suite  of  parameters  designated  in 
Phase  II  Stage  1  efforts.  This  may  confirm  the  previous  stage's 
general  findings,  but  will  not  help  to  def ine/quantify  specific 
contaminants  or  their  potential  sources,  if  any,  on  the  base. 

2.  Resample  at  the  three  on-base  points  included  in  the  previous  program 
and  analyze  samples  for  an  expanded  suite  of  parameters  to  identify 
and  quantify  specific  contaminants  present.  This  procedure  will 
provide  some  valuable  data,  but  again  will  not  help  pinpoint 
potential  sources. 

3.  Conduct  alternative  2  sampling  and  expand  number  of  sampling  points 
to  include:  at  least  one  of  the  previously  sampled  downstream,  off- 
base  points  to  serve  as  a  control;  several  points  along  the  drainage 
trench  from  the  POL  area  to  the  swamp/marsh  area,  including  a  point 
where  the  trench  empties  into  the  marsh;  and  the  upstream  end  of  the 
drainage  pipe  that  dischages  at  point  SD7-1.  This  alternative  would 
provide  additional  information  on  specific  contaminants  present  and, 
hopefully,  sufficient  data  to  pinpoint  a  source  for  any  contaminants 
that  are  observed  upstream  from  the  site. 

5.2.8  Cedar  Creek  and  Tributary  Drainage  Swale 

As  described  in  Section  4.3.8,  Cedar  Creek  and  a  tributary  drainage  swale 
were  sampled  (water  and  sediments)  as  part  of  the  McEntire  ANG  Base  Phase  II, 
Stage  1  program  because  they  receive  drainage  from  a  significant  portion  of 
the  base.  The  objective  of  this  program  was  to  ensure  that  the  creek  was  not 
receiving  contaminants  from  on-base  sources  other  than  those  identified  in 
Phase  I  and  investigated  in  this  Phase  II  effort.  Analytical  results  of  this 
effort,  with  regard  to  water  quality,  are  somewhat  intriguing,  however. 
Tetrachloroethylene  and  1 , 1 , 1 , 2-tetrachloroethane  were  detected  in  all  surface 
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water  samples  upstream,  adjacent  to,  and  downstream  from  the  base,  with  the 
highest  concentrations  (exceeding  EPA  AWQC  10  risk  levels)  at  the  station 
farthest  upstream.  While  at  first  glance,  the  data  suggests  a  significant 
upstream,  off-base  source  for  these  contaminants,  available  information  does 
not  suggest  that  any  potential  sources  exist  upstream  from  this  point,  as 
there  are  no  known  industrial  facilities  that  would  generate  such 
contaminants,  for  instance.  In  addition,  there  is  a  portion  of  the  base 
upstream  from  this  point  that  drains  to  Cedar  Creek.  It  is  felt  that,  while 
no  known  potential  on-base  sources  exist  for  these  contaminants,  the  existing 
data  base  is  inadequate  to  definitely  state  that  the  contaminant  source  is 
off-base.  Additional  data  is  deemed  necessary  to  fill  this  data  gap. 

Sediment  samples  collected  during  this  effort  also  showed  contamination 
by  ethylbenzene,  arsenic,  and  trace  metals  (chromium  and  zinc).  These  data 
show  a  trend  opposite  to  that  described  for  the  purgeable  halocarbons  in  the 
stream  itself  -  the  upstream  sediment  sample  SD2-6  is  clean  with  respect  to 
all  parameters  evaluated.  The  downstream  sample  (SD2-5),  which  reflects  Cedar 
Creek's  quality  (in  terms  of  its  impact  on  sediments)  as  it  leaves  the  base, 
shows  slightly  elevated  levels  of  zinc  and  chromium.  The  drainage  swale  which 
leads  from  Site  No.  5  to  the  creek,  however,  shows  significantly  elevated 
arsenic,  chromium,  level,  zinc,  and  ethylbenzene  concentrations.  This 
condition,  although  onLy  minimally  reflected  in  Cedar  Creek  below  the  mouth  of 
this  drainage  swale,  certainly  is  significant,  and  will  necessitate  additional 
data  collection  to  better  focus  on  the  occurrence  and  potential  source  of 
contaminants  in  this  area. 

Given  the  existence  of  the  sediment  and  stream  contaminants  noted  above, 
a  no  action  alternative  is  not  considered  viable  for  Cedar  Creek  even  though 
it  is  not  a  specifically  designated  Phase  II  site.  Additional  data  collection 
is  definitely  warranted  to  fill  noted  gaps.  Alternatives  for  that  sediment 
and  water  oriented  data  collection  include: 

1.  Resampling/analysis  as  per  Phase  II,  Stage  1  effort  documented  in 
this  report.  This  would  not  contribute  to  better  definition  of 
contaminant  sources. 
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2. 


Re  sampling/ analysis  (for  Phase  II,  Stage  1  suite  of  parameters)  with 
expansion  of  sampling  ( water/ sediment)  locations  to  include  the 
following:  several  points  in  Cedar  Creek  upstream  from  SW2-1 ; 

walking  stream  and  site  boundary  upstream  from  SW2-1  to  assure  that 
no  previously  unidentified  discharges  emanating  from  the  base  exist; 
and  additional  points  within  the  drainage  swale  both  upstream  and 
downstream  from  SD2-2 . 

3.  Alternative  2  as  noted  above  with  full  Priority  Pollutant  Analysis 
for  all  samples.  This  analytical  alternative  would  certainly  provide 
ample  data  for  the  sites  sampled,  but  might  not  be  cost  effective, 
given  the  magnitude  of  problems/contamination  at  this  site. 

4.  Alternative  2  as  noted  above,  with  select  samples  at  critical 
locations  (from  a  data  acquisition  standpoint)  analyzed  for  Prioritv 
Pollutants.  Critical  points  for  such  expanded  analysis  would  be 
those  first  upstream  and  downstream  in  Cedar  Creek  from  the  drainage 
swale.  This  would  optimize  data  collection  from  a  cost  standpoint 
and  provide  definitive  information  on:  1)  the  contaminant 
contribution/ impact  on  Cedar  Creek  from  the  drainage  swale;  and  2) 
the  precise  nature  of  contaminants,  if  any,  leaving  McEntire  ANG  Base 
via  Cedar  Creek. 


These  additional  points,  with  the  same  analytical  program  implemented 
in  the  current  study,  should  fill  the  data  gaps  identified  with  regard  to 
Cedar  Creek  and  the  subject  drainage  swale. 

5.2.9  Base  Water  Supply  Well  W-l 

The  level  of  total  organic  chloride  (0.03  mg/1)  measured  in  a  sample 
obtained  frtxn  the  base's  water  supply  well  W-l,  during  the  initial  Phase  II 
sampling  effort,  was  above  the  anticipated  background  level  (0.02  mg/1).  In 
an  attempt  to  identify  the  compound(s)  present,  resampling  of  the  well  and 
analysis  for  volatile  organic  compounds  (EPA  method  601-602)  was  performed  as 
part  of  the  Phase  II  Stage  1  Field  Evaluation  for  McEntire  ANG  Base. 

Either  l , 1 , 2, 2-tetrachloroethane  or  tetrachloroethylene  (PCE),  or  both, 
were  measured  in  the  sample  obtained  during  the  Stage  1  effort  at  an 
unresolved  level  (gc/ras  peaks  co-eluted ,  i.e.,  did  not  separate)  of  5.1  ug/1 
and  was  second  column  confirmed  at  an  unresolved  level  of  1.3  ug/1.  Both 
compounds  are  considered  potential  carcinogens  by  the  EPA  Office  of  Drinking 
Water  and  Office  of  Water  Regulations  and  Standards.  A  projected  upper  limit 
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lifetime  cancer  risk  of  10~6  has  been  estimated  for  exposure  to  1.0  ug/1  PCE 
and  0.17  ug/1  1 , 1 , 2 , 2-tetr achloroethane . 

Because  of  the  health  risks  associated  with  these  compounds  and  the  high 
potential  for  direct  exposure  to  base  personnel  through  consumption  a 
no-action  alternative  with  regard  to  this  water  supply  is  not  viable.  Even 
though  the  well  does  not  constitute  a  potential  contaminant  source  area  or 
site  originally  designated  for  study  in  Phase  II,  Stage  1,  measures  should  be 
taken  to  fill  these  critical  data  gaps: 

•  Determine  whether  base  personnel  are  being  exposed  to  these  compounds. 

•  Determine  the  source  for  the  measured  levels  of  these  compounds  at 
well  W-l . 

•  Determine  their  extent  of  migration. 

To  meet  these  additional  data  needs,  the  following  alternatives  should  be 
cons idered : 


1.  Obtain  and  analyze  samples  from  high  occupancy  locations  at  the 
base.  This  would  provide  information  as  to  whether  base  personnel 
are  being  exposed  to  these  compounds  and  whether  they  are  at  risk,  so 
proper  precautionary  measures  can  be  implemented,  if  necessary. 

2.  For  well  W-l,  obtain  well  water  samples  at  points  before  and  after  it 
enters  the  treatment  and  distribution  system.  The  presence  of  these 
compounds  in  the  sample  obtained  from  well  W-l  may  be  due  to  impuri¬ 
ties  in  the  chlorine  gas  used  in  the  treatment  system.  Alternative  2 
would  provide  information  to  confirm  either:  1)  the  existence  of 
these  compounds  in  the  deep  aquifer  at  McEntire  ANG  Base;  or  2)  their 
artificial  introduction  at  some  point  in  the  treatment  process. 

3.  Obtain  samples  from  base  supply  well  W-2  as  described  in  Alternative 
2.  This  procedure  would,  if  conducted  in  conjunction  with 
Alternative  2,  provide  verification  of  the  presence  or  abscence  of 
those  compounds  in  the  deep  aquifer  and  some  information  on  the 
extent  of  migration.  This  information  would  aid  in  the  evaluation  of 
potential  contaminant  sources  impacting  these  base  water  supply 
wells . 


Sample  analysis  for  volatile  organic  compounds  should  be  performed  using  EPA 
method  601-602,  as  was  implemented  during  Stage  1. 
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6.0  RECOMMENDATIONS 


This  section  presents  the  recommendations  for  Stage  2  work,  based  on  the 
findings  of  Stage  1.  The  recommendations  are  presented  by  category  as  defined 
in  the  IRP  Phase  II  Report  Format.  Two  sites,  the  C-14I  Spill  Trench  and  the 
Drainage  Pond/ Swamp,  which  are  not  considered  to  pose  a  threat  to  human  health 
or  the  environment  based  on  Stage  1  findings,  are  assigned  to  Category  I  and 
no  further  IRP-related  acivities  are  recommended.  All  other  sites  studied, 
unless  otherwise  noted,  are  Category  II  sites  and  will  require  additional 
monitoring  activities  to  confirm  and  quantify  contaminants  and  their  extent. 
None  of  these  sites  have  been  sufficiently  characterized  by  Stage  1  activities 
to  permit  initiation  of  Phase  IV;  thus,  there  are  no  Category  III  sites.  The 
sites  and  pertinent  Stage  2  recommendations  for  each  are  presented  in  order  of 
recommended  priority.  It  should  be  noted  that  recommendations  have  been  deve¬ 
loped  for  additional  data  collection  at  Cedar  Creek  and  its  tributary  drainage 
swale.  Since  this  area  does  not  formally  fall  under  the  heading  of  a  site,  it 
is  presented  last  in  the  following  discussion.  This  does  not  reflect  the 
priority  of  recommendations  for  Cedar  Creek  relative  to  other  studied  sites, 
as  the  text  for  that  area  will  discuss.  Table  6-1  presents  a  summary  of 
recommended  monitoring  at  McEntire  ANG  Base . 

6.1  CATEGORY  II  SITES 

The  following  monitoring  sites  at  McEntire  ANG  Base  are  assigned  to 
Category  II.  These  are  sites  for  which  additional  Phase  II  work  is  recom¬ 
mended  to  determine  the  need  for  subsequent  IRP  Phases.  These  are  presented 
in  order  of  priority  according  to  the  severity  of  contamination  the  Stage  1 
results  revealed. 

6.1.1  Base  Water  Supply  Well  W- 1 

The  level  of  total  organic  chloride  (0.03  mg/1)  measured  in  a  sample 
obtained  from  the  base's  water  supply  well  W-l  during  Phase  II  presurvey  sam¬ 
pling  was  above  the  anticipated  background  level  (0.02  mg/1).  In  an  attempt 
to  identify  the  corapound(s)  present,  resampling  of  the  well  and  analysis  for 
volatile  organic  compounds  (EPA  method  601-602)  was  performed  as  part  of  the 
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-Storage  Area  •  Resample  existing  monitoring  Not  •  Sample  at  17  points  on  grid  •  Field  (wells):  pH, 

wells  (4  wells)  Applicable  pattern,  including  1  Stage  1  conductivity,  temperature, 

po  in  t  s  head  1 evel 


rA#LE  6-1.  SUMMARY  OF  RECOMMENDED  Ft/TURE  MONITORING  AT  MtfcKIlRF.  A  NO  BASE  (Continued) 


Phase  II  Stage  1  Field  Evaluation.  Either  1 , 1 , 2 , 2-tetr achloroethane  or  tetra- 
chloroethylene  (PCE),  or  both,  were  detected  in  this  Stage  1  sample  at  an 
unresolved  level  (gc/ms  peaks  co-eluted,  i.e.,  did  not  separate)  of  5.1  ug/1 
with  second  column  confirmation  at  an  unresolved  level  of  1.3ug/l.  As  noted 
earlier,  both  compounds  are  considered  potential  carcinogens  by  the  EPA  Office 
of  Drinking  Water  and  Office  of  Water  Regulations  and  Standards,  with  a  pro¬ 
jected  upper  limit  lifetime  cancer  risk  of  10  ^  estimated  for  exposure  to  1.0 
ug/1  tetrachloroethylene  (PCE)  and  0.17  ug/1  1 , 1 , 2 ,2-tetrachloroethane . 

Because  of  the  health  risks  associated  with  these  compounds  and  the  high 
potential  for  direct  exposure  to  base  personnel  through  consumption,  the  base 
water  supply  well  W-l  was  given  the  highest  priority  ranking  for  Stage  2 
actions.  It  is  recommended  that  measures  should  be  taken  to: 

•  Determine  whether  base  personnel  are  being  exposed  to  these  compounds; 

•  Determine  the  source  for  the  measured  levels  of  these  compounds  at 
well  W-l ;  and 

•  Determine  their  extent  of  migration. 

Samples  from  base  supply  well  W-l  were  collected  directly  from  the  well 
head  and  therefore  do  not  confirm  the  presence  of  contaminants  in  the  tap 
water.  In  order  to  determine  whether  base  personnel  are  being  exposed  to 
harmful  compounds,  a  minimum  of  3  tap  water  samples,  from  high  occupancy/usage 
locations,  should  be  collected  and  analyzed  for  the  presence  of  volatile 
organic  compounds  using  EPA  method  601-602.  Should  the  presence  of  organic 
compounds  be  confirmed,  an  alternate  water  source  such  as  bottled  water,  may 
be  necessary. 

Determining  the  source  for  the  measured  compound  levels  found  during 
Sti.ge  1  can  be  accomplished  by  obtaining  water  samples  at  points  before  and 
after  the  water  from  W-l  enters  the  base's  treatment  and  distribution  system. 
Compounds  identified  (at  unresolved  levels)  in  well  W-l  may  be  due  to  impuri¬ 
ties  in  the  chlorine  gas  used  for  disinfection  in  the  treatment  system.  It  is 
recommended  that  samples  upstream  and  downstream  of  the  treatment  system  be 
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analyzed  for  volatile  organic  compounds  using  EPA  Method  601-602.  These  ana¬ 
lytical  data  can  be  used  to  determine  whether  any  compounds,  if  present, 
originate  in  the  deep  aquifer  beneath  McEntire  ANG  Base  (and  thus  appear  in 
the  influent  to  the  treatment  system)  or  whether  they  have  been  artificiallv 
introduced  in  the  treatment  process  . 

To  meet  the  third  objective,  determining  the  extent  of  contamination,  it 
is  reconmended  that  base  supply  well  W-2  also  be  sampled.  Sampling  of  water 
from  well  W-2  should  be  conducted  before  and  after  it  reaches  the  treatment 
and  distribution  system.  Volatile  organic  compound  anaysis  is  again  recom¬ 
mended  using  the  previously  stated  method.  This  monitoring  should  identify 
any  volatile  organic  compounds  present  at  well  W-2,  any  possible  connection  to 
the  water  treatment  system,  and  the  extent  of  contamination,  if  anv,  in  the 
deep  aquifer  at  McEntire  ANG  Base. 

Implementation  of  the  recommended  monitoring  program  will  provide  verifi¬ 
cation  of  the  presence  or  absence  of  volatile  organic  compounds  in  the  deep 
aquifer,  provide  information  on  the  extent  of  migration,  aid  in  the  evaluation 
of  potential  sources,  and  identify  whether  human  exposure  through  consumption 
of  the  base  water  supply  is  occurring. 

6.1.2  No.  5  Fire  Training  Area;  Site  No.  1 

Soil  at  all  four  Stage  1  monitoring  locations  was  found  to  be  contam¬ 
inated  with  oil  and  grease  (a  non-compound  specific  analyte).  In  addition, 
soil  sampled  within  the  fire  training  pit  contained  elevated  levels  of  benzene 
and  toluene.  Of  the  purgeable  halocarbons  found  in  groundwater,  the  most 
elevated  occurrence  of  a  single  compound  was  in  well  MW1-4  (carbon  tetra¬ 
chloride  at  0.98  mg/1).  Given  the  toxic  nature  of  the  contaminants  found, 
additional  Stage  2  monitoring  is  recommended  to  determine  the  following: 

•  The  identity  and  areal  extent  of  contaminants  in  soils; 

•  The  vertical  extent  of  contaminant  migration  in  soils;  and 

•  The  presence,  magnitude  and  extent  of  purgeable  halocarbon  compounds 
in  groundwater  . 
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The  first  objective  can  be  met  by  sampling  surficial  soils  at  the 
existing  Stage  1  monitoring  locations  in  addition  to  the  21  proposed  soil 
sampling  locations  shown  in  Figure  6-1.  The  soil  sampling  points  are  located 
in  a  modified  grid  pattern  which  should  provide  adequate  monitoring  to  deter¬ 
mine  the  extent  of  soils  contamination. 

Specifically,  the  grid  sampling  pattern  allows  for: 

•  Two  additional  sampling  points  within  the  fire  training  pit,  providing 
additional  coverage  to  determine  contaminant  distribution  within  the 
pit ; 

•  Four  additional  points  (2  to  the  north,  2  to  the  east)  around  the  pit, 
where  no  breach  in  the  berm  exists.  The  points  are  equally  spaced  and 
at  an  approximate  distance  of  25  feet  from  the  pit  boundary; 

•  Seven  additional  points  within  and  to  an  approximate  distance  of  25 
feet  from  the  overflow  drainage  swale;  and 

•  Eight  additional  points  peripherally  located  away  from  the  site.  One 
of  these  points  is  purposely  located  near  well  MW1-4,  where  purgeable 
halocarbons  were  found  in  groundwater  during  Stage  1. 

It  is  recommended  that  soil  samples  at  all  locations  be  analyzed  for 
volatile  organic  compounds  using  EPA  Methods  8010  and  8020  and  for  base/ 
neutral  and  acid  extractable  organics  using  EPA  Method  8250.  These  analyses 
are  recommended  to  identify  specific  compounds  which  are  related  to  fuels, 
solvents,  and  waste  oils  reportedly  disposed  of  at  the  site.  Volatile 
organics  analysis  is  recommended  based  on  the  occurrence  of  benzene  and 
toluene  in  the  pit,  base/neutral  and  acid  extractable  analysis  is  recommended 
to  allow  oil  and  grease  levels  (non-compound  specific)  to  be  related  to  these 
specific  compounds. 

To  establish  the  vertical  extent  of  soils  contamination,  a  soil  boring  is 
proposed  at  Stage  1  sampling  location  SD1-1,  where  the  highest  contaminant 
levels  were  found.  It  is  recommended  that  samples  be  taken  at  3-foot  inter¬ 
vals  to  a  minimum  depth  of  25  feet  below  land  surface,  or  to  a  depth  of  at 
least  1  foot  below  any  obvious  signs  of  contamination  (i.e.,  discolored  soils 
or  positive  readings  on  the  Hr.  ®  meter).  Given  the  high  oil  and  grease  levels 
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identified  during  Stage  1,  and  the  possibility  that  base/neutral  and  acid 
extractable  compounds  may  contribute  to  those  levels,  analysis  of  boring 
samples  for  these  specific  compounds  using  EPA  Method  8250  is  recommended. 
Samples  should  also  be  analyzed  for  volatile  organics  (EPA  Methods  8010  and 
8020)  since  toluene  and  benzene  have  been  identified  in  the  pit. 

Should  contaminants  be  identified  to  appreciable  depths  in  the  site 
soils,  additional  borings  and  subsurface  sampling  should  be  performed  where 
surficial  soils  have  been  shown  to  be  contaminated,  thus  establishing  depth  of 
soils  contamination  across  the  site.  If  required,  additional  borings  should 
be  sampled  and  analyzed  using  the  previous  lv  stated  methods.  At  this  time, 
contaminant  levels  of  other  Stage  1  sampling  locations  do  not  justify  borings. 

Additional  groundwater  monitoring  is  recommended  to  identify  the  specific 
comp  mds  present  in  groundwater  and  their  magnitude.  However,  the  installa¬ 
tion  of  an  additional  monitoring  well  is  not  justified  at  this  time  since 
definition  of  an  appropriate  location  cannot  be  accomplished  based  on  existing 
data.  The  occurrence  of  carbon  tetrachloride  in  well  MW1-4,  nvdraul ic al 1 y 
along-gr ad ient  from  the  site,  generates  some  doubt  as  to  the  relationship 
between  contaminant  migration  and  hydraulic  gradient  (note:  carbon  tetra¬ 
chloride  was  not  detected  in  downgradient  well  MW1-3). 

Soil  gas  testing,  altho’  h  considered,  will,  it  is  felt,  have  little 
utility  in  the  environmental  setting  present  at  the  site  (see  Secton  2.0). 

The  water  table  occurs  at  a  depth  of  approximately  40  feet  below  land  surface, 
and  discrete  stratigraphic  changes  (see  Figure  2-11)  in  the  overlving  units 
may  alter  upward  gas  migration.  Thus,  inaccuracy  would  be  likely  to  occur  in 
soil  gas  testing  results  relative  to  contaminants  as  thev  occur  in  the 
groundwater.  This  is  particularly  true  given  the  generally  low  contaminant 
concentrations,  excluding  carbon  tetrachloride,  present  at  the  site. 

On  the  basis  of  these  considerations,  recommended  groundwater  monitoring 
is  as  fol  lows  : 

•  Resample  the  4  existing  wells  at  a  minimum  of  3  discrete  depths  in  the 
water  column;  and 
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•  Analyze  samples  for  volatile  organic  compounds  using  EPA  Method 
601-602. 

This  approach  should  identify  any  effects  of  compound  stratification  in 
the  aquifer  and  better  characterize  the  vertical  and  horizontal  extent  of  the 
compounds  in  the  water  table  aquifer.  In  addition,  water  level  data  generated 
during  Stage  2  work  will  be  used  to  better  assess  the  hydraulic  gradient 
around  the  site,  in  the  event  that  additional  monitoring  wells  would  be  sited 
at  some  point  in  the  future. 

6.1.3  No.  1  Fire  Training  Area/Sanitary  Landfill:  Site  No.  2 

Stage  1  analytical  results  for  groundwater  revealed  that  upgradient  well 
MW2-1  contained  chromium  (0.07  mg/1)  and  trichloroethylene  (0.3  ug/1).  Tetra- 
chloroethylene  and  1 , 1 , 2, 2-tetrachloroethane  were  identified  at  unresolved 
levels  in  downgradient  well  MW2-5,  where  the  unresolved  level  for  each 
compound  (7.0  ug/1),  when  combined,  exceeds  the  CAG.  The  occurrence  of  these 
contaminants  may  thus  pose  a  threat  to  human  health  and  the  environment,  and 
additional  monitoring  is  warranted.  The  recommended  Stage  2  monitoring  for 
this  site  is  directed  to  meet  the  following  objectives: 

•  Determine  the  quality  of  groundwater  upgradient  of  the  site  (since 
MW2-1  is  contaminated  and  considered  unrepresentative  of  background 
water  quality),  and  thereby  better  establish  the  source  and  extent  of 
contamination;  and 

•  Better  define  the  occurrence  and  extent  of  contaminants  in  groundwater 
as  related  to  their  vertical  position  in  the  aquifer. 

To  accomplish  these  goals  it  is  recommended  that: 

•  An  additional  groundwater  monitoring  well  be  installed  at  an 
approximate  distance  of  300  feet  directly  upgradient  (as  established 
during  Stage  1)  from  the  site; 

•  Sampling  be  conducted  at  the  5  existing  monitoring  wells,  as  well  as 
the  newly  installed  well,  at  a  minimum  of  three  discrete  depths  in  the 
water  column;  and 

•  Analyses  be  performed  on  all  samples  for  Priority  Pollutant  metals  and 
for  volatile  organics  compounds  using  EPA  Method  601-602. 


This  monitoring  plan  would  provide  data  on  upgradient  groundwater  quality 
at  a  point  assumably  beyond  the  influence  of  the  No.  1  Fire  Training  Area/ 
Sanitary  Landfill  site  (see  Figure  6-2).  Such  data  is  needed  to  determine  the 
source  for  contamination  found  in  well  MW2-1  during  Stage  1.  The  stratified 
sampling  plan  proposed  will  better  define  the  identity  and  vertical  occurrence 
of  contaminants  in  groundwater.  In  addition,  such  a  sampling  plan  will  pro¬ 
vide  potential  identification  of  contamination  vrtiich  may  have  gone  undetected 
in  Stage  1  (i.e.,  chromium,  which  due  to  its  specific  gravity  will  sink  in  the 
water  column  and  may  be  occurring  at  depths  greater  than  those  sampled  during 
Stage  1).  Water  level  data  acquired  from  the  wells  during  Stage  2  work  will 
also  be  used  to  better  define  the  hydraulic  gradient  at  the  site. 

6.1.4  Y-Storage  Area:  Site  No.  3 

Soils  at  all  three  Stage  i  sampling  locations  were  found  to  contain  oil 
and  grease  and  TOX,  with  organic  iodide  and  organic  bromide  also  measured  at 
concentrations  above  anticipated  background  levels.  Oil  and  grease  were 
measured  at  4.8  to  10  mg/kg,  and  TOX  levels  of  1.3  to  4.6  mg/1  were  found. 
Although  these  indicator  parameters  identify  the  presence  of  compounds  in 
soils,  the  specific  compounds  occurring  and  their  areal  extent  are  not  known. 
In  addition,  total  organic  chloride  levels  in  groundwater  samples  from  wells 
MW3-1  and  MW3-3  were  above  expected  background  levels.  For  these  reasons, 
additional  monitoring  of  this  site  is  recommended  . 

The  reconmended  Stage  2  monitoring  effort  at  this  site  is  intended  to 
determine : 

•  The  specific  compounds  in  soil; 

•  The  areal  extent  of  the  compounds  in  soil  and  the  depth  to  which  they 
occur;  and 

•  The  specific  compounds  present  in  the  groundwater. 

The  first  goal  can  be  achieved  by  sampling  at  Stage  1  surface  soil 
sampling  locations  and  analyzing  for  base/neutral  and  acid  extractable  organic 
groups  from  the  Priority  Pollutant  list  and  for  volatile  organic  compounds 
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Figure  6-2.  Proposed  Monitoring  Well  Location  for  Site  No.  2:  No.  1  Fire  Training 
Area /Sanitary  Landfill  Site. 
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using  EPA  Methods  8250,  8010  and  8020.  This  process  will  permit  identifica¬ 
tion  of  the  specific  compounds  of  concern  at  the  site  and  selection  of  target 
parameters  for  use  in  subsequent  monitoring  efforts. 

The  second  goal,  determination  of  the  extent  of  compounds  in  soils  both 
areally  and  at  depth,  will  also  require  additional  soil  sampling.  Surficial 
soil  sampling  at  the  locations  shown  in  Figure  6-3  is  recommended  to  establish 
the  areal  extent  of  compounds  in  soil  at  Site  No.  3.  Of  the  14  additional 
proposed  soil  sampling  locations,  n  ire  radially  located  within  15  teet  of  the 
approximate  perimeter  of  the  spill  area.  Samples  collected  at  the  3  Stage  1 
locations  and  these  7  additional  locations  should  be  analyzed  for  volatile 
organics  and  base/neutral  and  acid  extrac tables  using  EPA  Methods  8250,  8010, 
and  8020.  The  remaining  7  sampling  locations  lie  approximately  50  feet  from 
the  spill  area.  It  is  recommended  that,  in  the  interest  of  cost  savings, 
these  7  samples  be  initially  analyzed  for  T0X  and  oil  and  grease.  Those 
locations  where  TOX  or  oil  and  grease  levels  exceed  expected  background  levels 
should  be  resampled  and  analyzed  for  base/neutral  and  acid  extractable  organic 
groups  and  volatile  organic  compounds . 

To  establish  the  depth  to  which  compounds  have  migrated  below  the  site,  a 
soil  boring  is  recommended  at  Stage  1  sampling  location  SD3-1  (see  Figure 
6-3).  Samples  should  be  collected  at  3  foot  intervals  to  a  minimum  of  25  feet 
below  land  surface  or  to  a  depth  of  at  least  1  foot  below  the  deepest  obvious 
signs  of  contamination  (i.e.,  discoloration  or  positive  reading  on  the  Hnu® 
meter).  Boring  sample  analyses  are  recommended  for  base/neutral  and  acid 
extractable  groups  and  volatile  organic  compounds  using  EPA  Methods  8250,  8010 
and  8020. 

Contingent  upon  the  identification  of  specific  compounds  occurring  at 
depth  beneath  the  site,  additional  borings  and  subsurface  sampling  should  be 
conducted  at  locations  where  surficial  soil  contamination  occurs  to  determine 
the  vertical  extent  of  migration  throughout  the  site  area.  Any  additional 
borings  would  also  be  sampled  at  3  foot  intervals  to  depths  determined  from 
the  initial  boring  and  from  on-site  observations  during  actual  boring. 


6-12 


Figure  6-3.  Proposed  Soil  Sampling  Plan  for  Site  No.  3:  Y-Storage  Area. 
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The  third  goal,  determining  the  specific  compounds  occurring  in  ground- 
water,  will  necessitate  resampling  of  the  4  Stage  1  groundwater  monitoring 
locations  (see  Figure  6-3).  Analysis  of  the  groundwater  for  volatile  organic 
compounds  by  EPA  Method  601-602  is  recommended.  These  analyses  will  allow  for 
a  determination  of  specific  contaminant  levels  (suggested  as  occurring  by  TOX 
levels  from  Stage  1)  in  groundwater  at  the  site.  Water  level  data  collected 
during  Stage  2  activities  will  also  be  useful  in  further  clarifying  the 
hydraulic  gradient  at  the  site. 

6.1.5  Oil  Dump  Site:  Site  No.  4 

Stage  1  analytical  results  revealed  high  levels  of  oil  and  grease  in 
soils  at  the  Oil  Dump  Site,  with  up  to  8000  mg/kg  found  at  SD4-1.  TOX  levels, 
organic  chloride  specifically,  were  above  anticipated  background  levels  in 
site  soils  at  SD4-1,  and  in  groundwater  in  wells  MW4-3  and  MW4-4.  Although 
contamination  is  confirmed,  the  specific  contaminants  involved  and  their  areal 
extent  are  not  known.  Consequently,  Stage  2  monitoring  is  recommended  at  this 
site  to  detemine  : 


•  The  specific  compounds  occurring  in  soils,  their  magnitude  and  their 
extent;  and 

•  The  specific  compounds  in  groundwater. 


The  first  goal  can  be  met  by: 


•  Sampling  surficial  soil  at  the  Stage  1  sampling  location  and  at  6 
proposed  locations  shown  in  Figure  6-4; 

•  Performing  a  soil  boring  to  a  minimum  depth  of  25  feet  below  land 
surface,  or  until  no  obvious  signs  of  contamination  occur,  with 
samples  taken  at  3-foot  intervals; 

•  Analyzing  samples  from  SD4-1,  the  3  proposed  sampling  locations 
closest  in  proximity  to  the  site,  and  the  above-referenced  soil  boring 
for  volatile  organic  compounds  using  EPA  Method  8010-8020  and  for 
base/neutral  and  acid  extractable  organic  compounds  using  EPA  Method 
8250; 

•  Analyzing  samples  from  the  3  proposed  locations  peripherally  located 
at  a  greater  distance  from  the  site  for  indicator  parameters  TOX  and 
oil  and  grease  . 
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Figure  6-4.  Proposed  Soil  Sampling  Plan  for  Site  Mo.  4:  Oil  Dump  Site. 


This  soil  monitoring  scheme  provides  compound  specific  analysis  at 
locations  areally  and  at  depth,  while  providing  a  cost  savings  for  contaminant 
indicator  analysis  of  samples  at  a  greater  distance  from  the  site.  The  infor¬ 
mation  obtained  from  the  recommended  soil  monitoring  will  permit  contaminants 
and  their  extent  in  soils  at  the  site  to  be  better  defined. 

From  Stage  1  data,  it  cannot  be  determined  what  specific  contaminants 
occur  in  groundwater  at  the  site.  Therefore,  to  meet  the  second  goal  of 
identifying  compounds  in  groundwater,  resampling  of  the  4  Stage  1  monitoring 
wells  should  be  considered.  It  is  recommended  that  these  samples  be  analyzed 
for  volatile  organic  compounds  according  to  EPA  Method  601-602.  This  recom¬ 
mendation  should  confirm  the  presence  or  absence  of  specific  contaminants 
suggested  by  elevated  Stage  1  TOX  levels  in  groundwater  at  the  site. 

6.1.6  Unofficial  Dump  Site:  Site  No.  6 

Groundwater  sample  analyses  indicated  no  contamination  of  this  media  at 
the  Unofficial  Dump  Site.  However,  in  the  single  soil  sample  analyzed  during 
Stage  1,  oil  and  grease  was  found  at  170  mg/kg.  Although  this  elevated  level 
of  oil  and  grease  indicates  soil  contamination,  the  specific  identity  of 
contaminants  and  their  areal  extent  are  not  known.  Consequently,  Stage  2  soil 
monitoring  is  recommended  to  determine  the  specific  compounds  in  soil  and  the 
areal  extent  of  those  compounds. 

To  accomplish  these  objectives,  it  is  recommended  that: 

•  Surficial  soils  be  sampled  at  the  Stage  1  monitoring  location  and  at  6 
additional  proposed  locations  shown  in  Figure  6-5; 

•  A  soil  boring  should  be  performed  to  a  minimum  depth  of  25  feet  below 
land  surface,  or  until  no  obvious  signs  of  contamination  occur,  with 
samples  taken  at  3  foot  intervals; 

•  Samples  at  SD6-1 ,  the  3  proposed  locations  closest  in  proximity  to  the 
site,  and  the  soil  boring  should  be  analyzed  for  volatile  organic 
compound s  using  EPA  Method  8010-8020  and  for  base/neutral  and  acid 
extractable  compounds  using  SPA  Method  8250;  and 

•  Analyses  should  be  performed  for  TOX  and  oil  and  grease  on  the 
surficial  soil  sampled  at  cne  3  proposed  locations  peripherally  at  a 
greater  distance  from  the  site. 
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Figure  6-5.  Proposed  Soil  Sampling  Plan  for  Site  No.  6:  Unofficial  Dump  Site. 


As  recommended ,  this  soil  monitoring  plan  should  provide  sufficient 
information  to  confirm  the  levels  of  specific  contaminants  and  their  extent  in 
soils  at  the  site. 

6.2  CATEGORY  I  SITES 

6.2.1  C-141  Spill  Trench:  Site  Mo.  5 

No  contamination  at  levels  of  concern  (i.e.  above  anticipated  background 
levels)  was  found  in  either  groundwater  or  sediment  samples  analyzed  during 
Stage  1  at  this  site.  The  three  monitoring  wells  and  four  sediment  sampling 
points  were  located  such  that  any  contamination  would  certainly  have  been 
detected.  Consequently,  this  site  is  assigned  to  Category  I,  and  no  further 
IRP-related  monitoring  is  recommended. 

However,  as  described  in  sections  4.0  and  5.0  of  this  report,  ethyl¬ 
benzene  and  inorganic  contaminants  have  been  found  in  sediment  sample  SD2-3, 
obtained  directly  downstream  from  the  spill  trench.  Since  no  Stage  1  findings 
suggest  the  spill  trench  to  be  a  source  of  this  type  of  contamination,  this 
problem  will  be  addressed  subsequently  in  monitoring  recommendations  for  Cedar 
Creek  and  its  tributary  drainage  swale  (see  Section  6.1.9). 

6.2.2  The  Drainage  Pond/Swamp:  Site  No.  7 

From  Stage  1  data  there  is  no  indication  that  the  Drainage  Pond/Swamp  is 
in  itself  a  source  of  contamination .  The  contaminants  found  in  sediments 
off-base  at  locations  SD7-5  and  SD7-6  do  not  appear  to  be  a  result  of 
discharge  from  the  site.  Consequently,  this  site  is  assigned  to  Category  I, 
and  no  further  IRP-related  work  is  recommended  for  the  drainage  pond/swamp. 

However,  upstream  sediment  sample  analysis  at  SD7-1  indicated  high  levels 
of  oil  and  grease  (110  mg/kg).  Although  not  strictly  a  Phase  II  activitv, 
consideration  should  be  given  to  confirming  this  elevated  oil  and  grease  value 
and,  if  necessary,  to  determining  via  sampling  at  additional  points  the 
source,  identity,  and  specific  compounds  responsible  for  the  elevated  oil  and 
grease  levels.  Sampling  should  be  considered  for  sediment  (and  surface 
waters,  if  present)  above  and  below  any  drainage  from  the  petroleum,  oil,  and 
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lubricant  area  to  evaluate  whether  contamination  exists,  and  if  so,  what 
compounds  are  present  and  to  what  extent  they  are  present.  Specific 
additional  sampling,  if  given  future  consideration,  should  also  be  conducted 
at  SD7-1 ,  the  upstream  end  of  the  drainage  pipe  that  discharges  at  SD7-1 ,  and 
the  point  in  the  swale  (below  SD7-1)  where  it  discharges  to  Site  No.  7.  Such 
samples,  if  collected,  would  require  analysis  for  volatile  organic  compounds, 
(EPA  Method  8010-8020)  and  for  base/neutral  and  acid  extractable  compounds 
(EPA  Method  8250). 

6.3  CEDAR  CREEK  AND  TRIBUTARY  DRAINAGE  SWALE 

Surface  water  and  sediment  samples  from  Cedar  Creek  and  a  major  tributary 
drainage  swale  were  analyzed  during  Stage  1  to  evaluace  any  potential  contam¬ 
inant  movement  off-base  from  the  study  sites  at  McEntire  ANG  Base.  Surface 
waters  within  Cedar  Creek  were  found  to  contain  tetrachloroethvlene  and 
l , 1 , 2,2-tetrachloroethane ,  with  potentially  harmful  concentrations  noted  at 
one  upstream  station  (SD2-1).  Sediment  samples  were  found  to  contain  metals, 
and  at  sampling  location  SD2-3  within  the  tributary  drainage  swale,  ethyl¬ 
benzene  was  detected.  Based  on  Stage  1  findings,  no  conclusive  correlation 
exists  between  the  contaminants  noted  in  the  stream  and  swale  and  the  specific 
sites  studies.  However,  to  confirm  definitively  that  study  sites  at  McEntire 
ANG  Base  have  not  contributed  to  this  contamination,  additional  monitoring  is 
strongly  recommended. 

The  recommended  monitoring  is  primarily  an  extension  of  the  Stage  1 
effort  and  is  directed  toward  providing  a  definitive  understanding  of  the 
contaminants  in  Cedar  Creek  and  the  tributary  drainage  swale  as  they  relate  to 
the  study  sites.  Monitoring  for  Stage  2,  if  implemented,  should  include 
surface  water  and  sediment  sampling  at  the  H  locations  shown  in  Figure  6-6. 

Six  of  the  proposed  locations  generally  correspond  to  the  Stage  1  sample 
points:  samples  should  be  collected  specifically  at  points  SW/SD  2-1,  SD2-3 , 

and  SW/SD2-6;  SW/SD2-2  and  3W/SD2-5  should  be  slightly  adjusted  from  their 
Stage  1  locations  to  points  on  Cedar  Creek  immediately  upstream  and  downstream 
from  the  mouth  of  the  drainage  swale;  and  SD2-4  should  be  moved  to  a  point 
slightly  farther  upstream  from  the  mouth  of  the  drainage  swale.  Two 
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Figure  6-6.  Proposed  Sampling  Plan  for 
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additional  sampling  locations  are  proposed  upstream  from  point  SD2-3,  as 
shown,  to  better  define  the  occurrence  of  the  contaminants  observed  at  SD2-3. 
These  points  are  in  the  previously  examined  C-141  Spill  Trench  (at  its 
downstream  end)  and  at  the  mouth  of  an  adjacent  tributary  or  swale  that  joins 
the  spill  trench  at  its  downstream  end. 

Given  the  toxicity  of  the  contaminants  found  and  the  threat  they  pose  to 
human  health  and  the  environment,  a  full  Priority  Pollutant  Scan  is  recom¬ 
mended  to  further  clarify  and  identify  compounds  present  at  the  two  sampling 
points  on  Cedar  Creek  immediately  upstream  and  downstream  from  the  drainage 
swale/ tributary' s  mouth.  Although  costly,  this  analytical  recommendation 
would  permit  determination  of  whether  Phase  II  study  sites  are  contributing  to 
Cedar  Creek  contamination.  Specifically,  the  change  in  priority  pollutant 
levels  between  the  aforementioned  points  would  identify  any  previously 
undetected  contaminant  migration  from  the  study  sites  at  the  base.  Although 
this  method  alone  will  not  confirm  the  source  of  any  contamination,  it  would 
allow  for  better  parameter  definition  to  do  so. 

The  remaining  6  recommended  surface  water  and  sediment  sampling  locations 
should  all  be  analyzed  for  volatile  organics  (EPA  Methods  601-602  for  water, 
8010-8020  for  sediment)  and  for  metals  from  the  Priority  Pollutant  list. 

A  second  aspect  of  the  Phase  II,  Stage  2  monitoring  recommendation  for 
Cedar  Creek  addresses  that  portion  of  the  stream  from  Stage  1  sampling 
location  SW/SD2-1  upstream.  This  point  showed,  as  noted  in  Sections  4.0  and 
5.0  of  this  report,  potentially  harmful  levels  of  tetrachloroethylene  and 
1 , 1 , 2 , 2-tetrachloroethane  in  the  crfeek' s  surface  waters.  While  this  point  is 
upstream  from  much  of  McEntire  ANG  Base,  there  is  a  portion  of  the  base's 
northwest  corner  that  does  drain  to  Cedar  Creek  upstream  from  this  sampling 
point.  It  is  strongly  recommended  that,  in  order  to  definitively  confirm  that 
these  seriously  high  contaminant  levels  are  not  emanating  from  the  base,  both 
Cedar  Creek  itself  and  the  base  boundary  be  walked  from  sampling  point  SW/SD2-1 
upstream  to  the  farthest  point  of  possible  base  drainage  into  Cedar  Creek  to 
assure  that  there  are  no  previously  unidentified,  overlooked,  or  intermittent 
discharges  from  base  property  that  might  contribute  to  these  contaminant 
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levels.  Should  any  such  discharges  be  identified  during  this  suggested 
effort,  sampling  locations  and  analytical  requirements  would  have  to  be 
formulated  at  that  time.  As  noted,  this  recommendat ion  is  viewed  as  being 
precautionary,  since  there  is  no  reason  to  believe,  based  on  available  data, 
that  the  contaminants  in  Cedar  Creek  originate  on  the  designated  sites  at 
McEntire  ANG  base. 
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ABBREVIATIONS 


AF 

Ag 

ALS 

AMSL 

ANG 

As 

ATV 

AVGAS 

BLS 

BTR 

BW 

C 

Cd 

CERCLA 

CN 

Cr 

Cu 

DOD 

DOW 

DRMO 

EDM 

EPA 

ERG 

FB 

Fe 

FIT 

ft 

ft/ day 
ft/ sec 
ft/ year 
gals 
gpd 

gpm 


Air  Force 
Silver 

Above  Land  Surface 
Above  Mean  Sea  Level 
Air  National  Guard 
Arsenic 

All  Terrain  Vehicle 
Aviation  Gasoline 
Below  Land  Surface 
Below  Top  of  Riser 
Bailer  Wash 
Cuttings 
Cadmium 

Comprehensive  Environmental  Response,  Compensation  &  Liability  Act 

Cyanide 

Chromium 

Copper 

Department  of  Defense 
Description  of  Work 

Defense  Reutilization  Marketing  Office 
Electronic  Distance  Meter 
Environmental  Protection  Agency 
Environmental  Research  Group 
Field  Blank 
Iron 

Field  Investigation  Team 
feet 

feet  per  day 
feet  per  second 
feet  per  year 
gallons 

gallons  per  day 
gallons  per  minute 


HARM  Hazard  Assessment  Rating  Methodology 

Hg  Mercury 

HMTC  Hazardous  Materials  Technical  Center 

ID  Inside  diameter 

IRP  Installation  Restoration  Program 

JP-4  Jet  Propulsion  Fuel  No.  4 

K  Hydraulic  Conductivity 

MGD  Million  gallons  per  day 

mg  milligrams 

mg/1  milligrams  per  liter 

ml  milliters 

MOGAS  automobile  gasoline 

MSL  Mean  Sea  Level 

Ni  Nickel 

No ^  Nitrate  Nitrogen 

OD  Outside  Diameter 

OEHL  Occupational  &  Environmental  Health  Laboratory 

O&G  Oil  &  Grease 

Pb  Lead 

POL  Petroleum,  Oils  &  Lubricants 

ppb  parts  per  billion  (equivalent  to  raicrograms  per  liter-ug/1) 

ppm  parts  per  million  (equivalent  to  milligrams  per  liter-rag/1) 

PVC  Polyvinyl  Chloride 

QA/QC  Quality  Assurance/Quality  Control 

RE  Recovery 

SAIC  Science  Applications  International  Corporation 

SCANG  South  Caroline  Air  National  Guard 

Se  Selenium 

SI  Sample  Interval 

SS  Split  Spoon 

TAC  Tactical  Air  Command 

TDS  Total  Dissolved  Solids 

TOC  Total  Organic  Carbon 

TOX  Total  Organic  Halogens 

ug/1  Micrograms  per  liter 


USAF 

USGS 


v 

VOA 

Zn 


United  States  Air  Force 

United  States  Geological  Survey 

Velocity 

Volatile  Organics  Analysis  -  EPA  Methods  601-602 
Zinc 
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Air  Surging 


Alconox 


Anisotropic 


A  procedure  for  developing  wells  whereby  compressed 
air  is  pumped  down  a  well  and  allowed  to  bubble  up 
through  the  water  column  in  the  well. 

A  low  residue  detergent  utilized  for  decontamination 
procedures . 

Having  physical  properties  that  vary  in  different 
directions. 


Annular  Space 
Aquifer 

Auger 

Bed 

Bedding 

Bedrock 

Bentonite 

Berm 

Blow  Count 

Boring  Log 
Clay 

Coastal  Plain 


The  space  between  a  borehole  and  the  outside  of  a 
well  screen  or  casing. 

A  geologic  formation,  group  of  formations,  or  part  of 
a  formation  that  is  capable  of  yielding  water  to  a 
well  or  spring. 

A  screwlike  boring  tool  resembling  a  carpenter's 
anger  bit  but  much  larger,  usually  motor-driven, 
designed  for  use  in  clay,  soil,  and  other  relatively 
unconsolidated  near-surface  materials. 

Any  tabular  body  of  rock  lying  in  a  position  essentially 
parallel  to  the  surface  or  surfaces  on  or  against 
which  it  was  formed,  whether  these  be  a  surface  of 
weathering  and  erosion,  planes  of  stratificaton,  or 
inclined  fractures. 

The  arrangement  of  rock  in  layers,  strata,  or  beds. 

The  more  or  less  solid,  undisturbed  rock  in  place 
either  at  the  surface  or  beneath  surficial  deposits 
of  gravel,  sand,  or  soil. 

Rock  composed  of  any  of  the  raontmorillonite-beidellite 
group  of  clay  minerals. 

Relatively  narrow,  horizontal  or  gently  sloping  man¬ 
made  bench  or  shelf. 

The  total  number  of  strikes  with  a  free-falling  weight 
needed  to  drive  a  sampler  a  given  distance  into  the 
ground. 

Systematic  and  sequential  record  of  geologic  data 
obtained  from  a  soil  boring. 

Fine-grained  aggregate  consisting  wholly  or  dominantly 
of  microscopic  and  submicroscopic  mineral  particles. 

Physiographic  province  of  the  Eastern  United  States 
characterized  by  a  gently  seaward  sloping  surface 
formed  over  exposed,  unconsolidated,  stratified  marine 
fluvial  sediments.  Typical  coastal  plain  features 
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Cone  of  Depression 

Confining  bed,  layer, 
or  unit 

Cretaceous 

Cross-section 

Diffusion 

Dip 

Discharge 

Downgradient 

Dr awdown 

Effective  Porosity 

EPA  Method  601 

EPA  Method  602 

Evapo transpiration 

Facies 

Fluvial 


include  low  hills  and  ridges,  organic  deposits, 
floodplains  and  high  water  tables. 

The  depression,  roughly  conical  in  shape,  produced  in 
a  water  table  or  potentiometric  surface  by  pumping 
or  artesion  flow. 

Body  of  impermeable  or  distinctly  less  permeable 
material  stratigraphically  adjacent  to  one  or  more 
aquifers. 

The  third  and  latest  period  of  the  mesozoic  era. 

Geologic  diagram  or  actual  field  exposure  showing  the 
geologic  formations  and  structures  transected  by  a 
given  plane. 

The  spreading  out  of  molecules,  atoms,  or  ions  into  a 
porous  medium  in  a  direction  tending  to  equalize 
concentrations  in  all  parts  of  the  system. 

Angle  at  which  a  stratum  or  any  planar  feature  is 
inclined  from  the  horizontal. 

Rate  of  flow  at  a  given  instant  in  terms  of  volume 
per  unit  of  time. 

In  the  direction  of  decreasing  hydraulic  static  head; 
the  direction  in  which  groundwater  flows. 

A  lowering  of  the  water  table  or  potentiometric 
surface  caused  by  pumping  of  groundwater  from  wells. 

The  amount  of  interconnected  pore  space  through  which 
fluids  can  pass. 

GC  test  method  for  the  determination  of  29  purgeable 
halocarbons . 

GC  test  method  for  the  determination  of  7  purgeable 
aromatics . 

A  term  embracing  that  portion  of  the  precipitation 
returned  to  the  air  through  direct  evaporation  or  by 
transpiration  of  vegetation,  no  attempt  being  made  to 
distinguish  between  the  two. 

A  stratigraphic  body  as  distinguished  from  other 
bodies  of  different  appearance  or  composition. 

Of  or  pertaining  to  rivers  or  river  action. 


Flow  Path 


The  direction  or  movement  of  groundwater  as  governed 
principally  by  the  hydraulic  gradient. 
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Friable 

Gravel 

Groundwater 
Hard  Stand 

Hazardous  Waste 


Heterogeneous 
Hydraulic  Conductivity 
Hydraulic  Gradient 

Impermeable 

Leachate 


Leaching 


Lens 

Lithology 

Miocene 

Monitoring  Well 
Net  Precipitation 


Easily  crumbled,  pulverized,  or  reduced  to  powder. 

Loose  or  unconsolidated  coarse  granular  material, 
larger  than  sand  grains,  resulting  from  erosion  of 
rock  by  natural  agencies. 

Subsurface  water  in  a  zone  of  saturation. 


Parking  area  or  ramp  adjacent  to  taxiway  where  aircraft 
are  parked  or  stored. 


A  solid  waste  or  combination  of  solid  wastes,  which 
because  of  its  quantity,  concentration,  or  physical, 
chemical  or  infectious  characteristics  may  cause  or 
significantly  contribute  to  an  increase  in  mortality 
or  an  increase  in  serious,  irreversible,  or  incapacitating 
reversible  illness,  or  pose  a  substantial  present  or 
potential  hazard  to  human  health  or  the  environment 
when  improperly  treated,  stored,  transported,  or 
disposed  of,  or  otherwise  managed. 

Differing  in  kind,  having  unlike  properties,  possessed 
of  different  characteristics. 

A  coefficient  of  proportionality  describing  the  rate 
at  which  water  can  move  through  a  permeable  medium. 
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The  change  in  total  head  with  a  change  in  distance  in 
a  given  direction.  The  direction  is  that  which  yields 
a  maximum  rate  of  decrease  in  head. 

Not  permitting  passage,  as  a  fluid  through  a  solid. 

A  solution  resulting  from  the  separation  or  dissolving 
of  soluble  or  particulate  constituents  from  solid 
waste  or  other  man-placed  medium  by  percolation  of 
water. 

The  process  by  which  soluble  materials  in  the  soil, 
such  as  nutrients,  pesticide  chemicals  or  contaminants, 
are  washed  into  a  layer  of  soil  or  are  dissolved  and 
carried  away  by  water. 

Body  of  rock  material  bounded  by  converging  surfaces, 
at  least  one  of  which  is  curved. 

Study  of  stones  or  rocks. 

The  fourth  of  the  five  epochs  of  the  Tertiary  period, 
occurring  between  12  and  26  million  years  ago. 

A  well  used  to  measure  groundwater  levels  and  to 
obtain  samples. 

The  amount  of  annual  precipitation  minus  annual 
evaporation. 
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Organic 


Being,  containing,  or  relating  to  carbon  compounds, 
especially  in  which  hydrogen  is  attached  to  carbon. 


Outcrop 

Overland  Flow 

Period 

Permeability 

pH 

Piezometric  Surface 

Pleistocene 

Potentiometric  Surface 

Porosity 

Recharge 

Regression 

Riser 

Sand 

Scarp 

Silt 


Part  of  a  body  of  rocks  that  appears  bare  and  exposed 
at  the  surface  of  the  ground. 

The  flow  of  water  over  a  land  surface  due  to  direct 
precipitation,  generally  occurring  when  the  precipitation 
rate  exceeds  the  infiltration  capacity  of  the  soil 
and  depression  storage  is  fuller. 

Fundamental  unit  of  the  geologic  time  scale. 

The  capacity  of  a  porous  rock,  soil,  or  sediment  for 
transmitting  a  fluid  without  damage  to  the  structure 
of  the  medium. 

Negative  logarithm  of  hydrogen  ion  concentration. 

An  imaginary  surface  that  everywhere  coincides  with 
the  static  water  level  in  the  aquifer. 

First  epoch  of  the  Quaternary  period,  in  general 
including  the  time  and  deposits  of  the  last  great 
glacial  epoch. 

A  surface  that  represents  the  level  to  which  water 
will  rise  in  tightly  cased  wells.  The  water  table  is 
a  particular  potentiometric  surface  for  an  unconfined 
aquifer. 

Property  of  a  rock  containing  interstices  without 
regard  to  size,  shape,  intercommunication,  or  arrange¬ 
ment  of  openings. 

Intake,  the  process  by  which  water  is  absorbed  and  is 
added  to  the  zone  of  saturation,  either  directly  into 
a  formation,  or  indirectly  by  way  of  another  formation. 
Also,  the  quantity  of  water  that  is  added  to  the  zone 
of  saturation. 

The  retreat  of  water  from  a  land  surface  and  the 
consequent  evidence  of  this  retreat  in  the  character 
and  relations  of  the  newer  and  older  strata. 

Length  of  PVC  casing  stickup  above  land  surface. 

An  aggregation  of  unlithified  mineral  or  rock  particles 
the  diameters  of  which  are  usually  considered  to  be 
less  than  2mm  and  greater  than  l/16mm. 

A  straight  slope  of  any  height,  generally  no  steeper 
than  45  degrees. 

Muddy  sediment,  coarser  than  clay,  but  finer  than 
sand,  which  has  been  carried  or  deposited  by  a  body 
of  water. 


Sorting 


Specific  Capacity 


Specific  Gravity 


Specific  Yield 


Split  Spoon 


Stratified 

Stratum 

Strike 

Terrace 


Tertiary 

Transgression 

Transmissivity 


Upgradient 


Separation  and  segregation  of  rock  fragments  according 
to  size  or  specific  gravity  by  natural  processes, 
mainly  by  the  action  of  running  water. 

An  expression  of  the  productivity  of  a  well,  obtained 
by  dividing  the  rate  of  discharge  of  water  from  the 
well  by  the  drawdown  of  the  water  level  in  the  well. 

The  ratio  of  the  mass  of  a  body  to  the  mass  of  an 
equal  volume  of  water  at  4°C  or  other  specified 
temperatures. 

The  ratio  of  the  volume  of  water  a  rock  or  soil  will 
yield  by  gravity  drainage  to  the  volume  of  the  rock 
or  soil. 

A  type  of  soil  sampler  consisting  of  a  length  of 
hollow  tubing  split  lengthwise  and  threaded  at  both 
ends.  A  drive  head  and  a  coupling  hold  the  two  halves 
together.  The  sampler  is  pounded  into  the  soil  a  set 
distance.  The  sample  is  examined  by  removing  the 
drive  head  and  coupling  and  opening  the  split  barrel. 

Arranged  or  formed  in  layers. 

Single  layers  of  homogeneous  gradational  lithology 
deposited  parallel  to  the  original  dip  of  the  formation. 

The  direction  or  bearing  of  the  outcrop  of  an  inclined 
bed  or  structure  on  a  level  surface,  perpendicular  to 
the  direction  of  the  dip. 

A  natural  or  artificial  plain  with  the  surface 
ascending  on  one  side  and  descending  on  the  other, 
may  be  formed  by  sediment  deposition  by  water,  wave 
cutting  action,  or  crustal  movements. 

The  first  period  of  the  Cenozoic  era. 

The  gradual  spread  of  water  over  a  land  surface  and 
the  consequent  evidence  of  this  invasion  shown  in  the 
character  and  relations  of  newer  and  older  strata. 

The  rate  at  which  water  of  a  prevailing  density  and 
viscosity  is  transmitted  through  a  unit  width  of  an 
aquifer  or  confining  bed  under  a  unit  of  hydraulic 
gradient.  Transmissivity • can  be  calculated  by 
multiplying  the  hydraulic  conductivity  by  the  aquifers 
saturated  thickness. 

In  the  direction  of  increasing  hydraulic  static  head; 
the  direction  opposite  to  the  prevailing  flow  of 
groundwater. 


Water  Table 


Upper  surface  of  a  zone  of  saturation  except  where 
that  surface  is  formed  by  an  impermeable  body. 


Well  Log 


Systematic  and  sequential  record  of  geologic  data 
obtained  from  a  well. 
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MEASURING  UNIT  CONVERSIONS 


MEASURING  UNIT  CONVERSION  TABLE 


S.I.  UNITS 

LENGTH 

METRIC 

inch  ( in) 

x  2.54 

3 

centimeter  (cm) 

foot  ( ft) 

x  0.3048 

3 

meter  (m) 

mile  (mi) 

x  1.608 

3 

kilometer  (km) 

VOLUME 

U.S.  gallon  (gal) 
cubic  feet  ( ft  ) 

x  0.0038 

s 

3 

cubic  meter  (m  ) 

x  0.0283 

5= 

cubic  meter 

acre- foot  (ac.  ft) 

1233.48 

3 

cubic  meter 

AREA 

square  inch  (in^) 

x  6.452 

3 

2 

square  centimeter  (cm  ) 

square  fooc  (  ft'') 

x  0.09 

= 

square  meter  (a‘) 

acre  (ac) 

x  0.4047 

- 

hectare  (ha) 

MASS 

ounce  (oz) 

X  28 

3 

gram  (g) 

pound  (lb) 

x  0.45 

= 

kilogram  (kg) 

short  ton 

x  0.9 

metric  ton  (t) 

DENSITY 

Pounds  per  cubic  foot 

(  pc  f)  x  0 . 016 

= 

grams-per  cubic  centimenter 
(  g  /  cm  ; 

HYDRAULIC 

CONDUCTIVITY 

gallons  per  day  per  ^ 
square  foot  (gpd/ft  ) 

x  4.72  x 

io'5 

3 

centimeters  per  second 

(  cm/ sec ) 

Darcy 

x  8.58  x 

io~4 

3 

centimeters  oer  second 

TRANSMISSIVITY 

gallons  per  foot 

per  day  ( gpd/ ft ) 

x  0.012 

3 

square  meters  per  day 
( m“/d) 

square  feet 

per  day  (  ft  Vdy) 

X  0.093 

3 

sqqare  meters  per  day 
( m"/d) 

L 

£  • 

£ 

r. 

!' 

[ 
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Installation  lestoratlon  Frogrea 
pbut  XX  Field  Evaluation 
McSntlre  Air  Rational  Guard  Base  SC  * 

X.  DeacSLptlon  of  Work 

Tba  firpoaa  of  fetal*  task  la  to  determine  if  enviromental  oontaalnation 
has  resisted  fro*  vast*  disposal  practices,  fuel  spills  aod  fir*  training 
activity*  at  HcEntlr*  Air  national  Guard  Baa*  SC;  to  provide  estimates  of  the 
■asnltuA  and  extant  of  oontaalnatlon,  should  oontaaination  bt  found;  to 
Identify  potential  environmental  oonsequenoas  of  migrating  pollutants;  to 
ldeotlfy  any  additional  investigations  and  their  attendant  oosts  necessary  to 
properly  evaluate  feta*  Magnitude,  extent,  and  direction  of  noveaent  of  dis¬ 
covered  wntaainants. 

AabJMt  air  aoaltorlng  of  hat ar do us  and/or  toxic  Material  for  the  protec¬ 
tion  of  lontraetor  and  Air  Foro*  personnel  shall  be  acooapllahed  when  neces¬ 
sary,  eageolollJ  during  the  drilling  operation. 

the  iraaurrey  report  (nailed  under  separate  oover)  and  Phase  X  HP  report 
(nailed  usder  separate  oover)  incorporated  background  and  description  of  the 
sites  f»  this  task.  To  aoooapllah  the  survey  effort,  the  oontractor  shall 
take  ttav  following  steps: 

A.  Senar al 

1.  Determine  the  aerial  extent  of  each  site  by  reviewing  available 
aerial  ihotos  of  the  base,  both  historical  and  aost  reoent  panchromatic  and 
Infrared,  and  by  flald  reconnaissance. 

2.  Locations  whore  surface  water,  aedlaent,  and  cor*  eenples  are 
collected  shall  be  narked  with  an  easily  identifiable  and  rstraoeable  marker, 
and  the  location  recorded  on  a  site  nap. 

3.  A  total  of  23  ground-enter  aoni taring  wells  rtiall  be  installed. 

The  exast  location  of  walls  shall  ha  determined  in  the  field. 

h.  Ground-Water  Monitoring  Well  Installation:  Ground-water  monitor¬ 
ing  wells  shall  is  drilled  using  6-lnoh  hollow- a tma  sugars.  Split-spoon 
aaaplas  mil  bt  taken  and  described  in  aeoordanoa  with  ASTM  standard  1566. 

Baoh  wall  shall  be  oonstruetsd  of  2- inch  x.d.  Schedule  to  flush  joint  FTC 
oaslag  sad  screen.  Bach  well  shall  be  an  average  of  50  feet  In  depth.  The 
mnraeamt  interval  In  each  wall  shall  consist  of  0.01  inch  slotted  FTC  moreen, 
depending  upon  the  psolagle  findings  daring  the  grilling  operation.  Baoh  wall 
Mall  he  aoraanmd  80  fast  into  the  shallow  groundwater  table  aquifer.  A 
9«el  pack  ar  sand  pack,  as  datermimed  in  the  flald  aa  suitable  for  the  moll 
thrantSan,  shall  ha  mnplaoad  around  tha  vail  screen,  the  gurvl  paok  shall 
eartmnd  2  feet  above  the  top  of  the  screen.  i  2-foot  Infer  of  bentonite 
pallet*  shall  be  placed  above  the  ^avel  peek  to  seal  the  screened  Interval, 
•ad  the  maal  Mball  ha  sonplatad  using  a  heatoaite  pout  mixture  to  the 
surfs  si.  Bash -Mall  shall  he  provided  with  a  sorfaoe  pout  seal  and 
protective,  9— foot  steel  maniac  «ith  looking  map.  dll  veils  shall  he 
gaveleped  eetil  they  Broduae  alaar,  aaad  fraa  enter.  Baoh  vail  Shall  ha 
•nlserlf  mm harvd  with  axtarlor  paint  and  ha  provided  with  three  guard  post* 


^Highlights  of  -Modification  are  underscored 


plseed  re dlally  »V  fro*  eneh  Mil.  Bneh  Mil  Installed  around  31  to  3.  7* 
Iraa  Storage  Site,  shall  bo  prorided  with  four  protective  otoal  guard  posts 
slaoo  sits  3  is  loos tod  la  a  blgb  traffic  aroa.  ill  guard  posts  and  stssl 
oaola^  shall  bo  pointed  fluoroooont  orango  for  easy  risibility. 

5.  Ground- vs ter  oooitcrlng  vails  shall  ooaply  with  0.3.  iPA 
puhlloatloc  330/9-31-002  JKI£  JfcfiUtl  Xflt  firauflg¥tttf/3M&dUrfAfli  Taras  tl  sat  Ions 
■«» .frfr.ua  yssts  sites.  and  SUta  of  South  Carolina  requirements  for 
Monitoring  wall  installation.  All  Mils  shall  bo  developed,  Mtar  larala 
in turrl,  and  looationa  surrayad  and  rooordad  on  a  si ta  sap.  Only  screw 
typo  joints  shall  bo  uood.  01  ua  fitting  ara  not  parmlttod. 

3.  All  vatar  saaplas  shall  bo  analysod  on  alto  by  tho  contractor  for 
pB,  temper  stupe,  and  s pacific  oonduotanoo.  Sampling,  oaxlrai  bolding  tins, 
and  prasarratlon  of  saaplas  shall  ooaply  strictly  with  tha  following  rafar- 
onoos:  Wathods  .Jfcg  ««»■<"* Water  gfi£  Waatewstsr.  15th 

Id.  (1900),  pp  35-42;  iUL  Sootlon  11,  ha  tar  Hfihfifilfigy; 

and  Methods  far  £hABl£gl.  ^walTais  of  Vs  tars  sad  Vsstea.  IFA  Manual 
600/4-79-020,  pp  nil  to  zls  (1979).  All  vatar  saaplas  shall  ba  analysad 
using  minimus  do taction  lorols,  as  spscifisd  In  Attachment  1. 

7.  Tbs  oontractor  shall  split  all  vatar  and  soil  sasplss.  Ons  sot  of 
soaploo  shall  bo  analysod  by  tho  oontractor  and  tha  other  sot  of  aoaplss  shall 
ho  forwarded  for  analysis  through  or ar night  dellrory  to: 

03AF  0BL/SA 

Bldg  140 

Brooks  APB  TI  78235 

Tbs  ssaplss  sont  to  the  OSAF  0EBL/SA  shall  bo  ecoompaalsd  by  ths 
following  loforaatlon: 

(a)  Purpose  of  sasplo  (snalyto) 

(b)  Installation  asms  (bass) 

(o)  Saapls  mabsr  (on  oontslnsrs) 

(d)  Sour os/ location  of  aaapls 

(o)  Contract  Task  luobors  and  Titls  of  Project 

(f)  Noth*  i  of  oolloetlon  (bailor,  suction  punp,  air- lift  pump, 

ate.) 

(f).fnluBM  removed  before  sasplo  taksn 

(h)  Special  Conditions  (use  of  surrogsto  standard,  spsclal 
nonstandard  proaorratlons,  oto.) 

(1)  Pronorratlrss  used 

Ibis  information  Ball  bo  forwarded  with  oooh  aaaple  by 
properly  completing  an  AT  Porn  2T52  (copy  of  fora  and  instructions  on  proper 
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completion  mailed  under  separate  oover) .  la  additioo,  oopies  of  field  less 
document in*  saaple  collection  should  accoapany  the  samples.  Chaio-of  Custody 
records  for  ell  samples,  field  blanks,  end  quality  oontrol  dupllostes  shell  he 
maintained.  ill  contractor  Qi/QC  program  analysis  results  shall  be  included 
la  the  analytical  results  ef  draft  final  report  (as  specified  in  I tea  VI 
below). 


8.  Second-column  confirmation  shall  be  required  when  deterpnr 
limits  exceed  values  Identified  in  Attachment  1.  for  EPA  Methods  8010, 
bUlend  60 I.  Conduct  second-column  confirmation  on  a  maximum  of  501  of  the 
samples  collected  f'or  these  analyses.  Total  number  of  samples  for  Merhnd~ 
dt/ltf,  9U10,  hdl  and  6oi  in  Attachment  1  include  these  confirmation  analyses. 
Report  concentrations  as  non-detected  where  the  second  column  does  not 
contirm  the  analyte  to  be  present.  Report  the  first  column  result  where 
the  second  clouan  does  provide  confirmation  of  the  analvte.  Report  all 
procedures  and  conditions  used.  Also  report  the  different  retention 
tor  major  components.  ~ 

field  data  collected  for  each  site  shall  be  plotted  and  sapped. 

The  nature  of  contamination  and  the  nagaitud*  and  potential  for  oontamlaaot 
flow  within  eeeh  site  to  receiving  streaas  and  ground  waters  shall  be  deter- 
aland  or  estimated.  Opon  completion  of  the  sampling  and  analysis,  the  data 
shall  be  tabulated  in  the  asst  140  Status  report,  as  specified  in  Item  VI 
below. 

B.  In  addition  to  items  delineated  la  A  above,  oonduct  the  following 
specific  actions  at  sites  identified  on  McBntire  Air  Batlonal  Guard  Base  SC: 

1.  Resampling  of  Base  bell  VI 

Collect  one  ground-water  sample  froe  base  water  supply  produc¬ 
tion  well  VI.  The  ground-water  sample  shall  be  analyzed  for  the  purgeable 
oom pounds  specified  in  O.S.  SPA  Methods  601  and  602. 

2.  Site  1.  fire  Training  Area  5 

a.  Install  A  ground-water  monitoring  wells  in  the  immediate 
vicinity  of  the  site.  0ns  well  shall  be  plaoed  upgradient  of  the  site  and 
three  wells  shall  be  plaoed  downgradient  of  the  site.  All  wells  shall  be 
positioned  to  surround  the  site  to  detect  any  contaminants  which  may  be 
present  end  to  supply  head  levels  from  which  groundwater  flow  direction  can  he 
determined.  Bach  well  shall  be  an  average  of  50  feet  in  depth;  total  footage 
drilled  shall  not  exceed  280  feet. 

b.  Collect  one  ground-water  sample  from  each  well. 

c.  Bach  ground-water  sample  shall  be  analysed  for  Volatile 
Organic  Compounds  (V0C) ,  Oil  and  Ores ee- Infrared  Method  (04G/X1) ,  Total 
Organic  Carbon  (TOC),  and  Total  Organic  Balogens  (TOX). 

d.  Collect  surfaoe  water  and  sediment  samples  from  one  location 
withia  the  burn  area.  The  surfaoe  water  and  sediment  samples  shall  be  col¬ 
lected  with  a  aalgene  scoop  having  a  P-10  foot  extension  handle.  One  surfaoe 
water  and  see  sediment  sample  shall  be  analysed. 
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a.  Tba  surfaoa  *ut er  saapl*  shall  be  analysed  far  TOC,  OAG/II, 
TOC,  and  TOZ.  Tba  sadlaant  aaapla  shall  ba  anal ysad  for  TOC,  0AG/I1,  and  TOZ. 

f.  Collaot  thraa  naar-surfao*  soil  saapl**  with  a  hand  auger 
along  tba  overflow  drains**  ml*  leading  fraa  tba  nit*.  Baoh  soil  aaapla 
shall  ba  oollactad  to  a  daptb  of  approximately  1  foot. 

g.  Baoh  soil  aaapla  shall  ba  aaalysad  for  TOC,  04G/I1,  and  TOZ. 


3.  Bits  2.  Flra  Trainlnc  Area  1  sad  ganitary  Landfill 

a.  Install  *  (round- vs tar  aoaltorlng  walls  in  tba  iaaadiata 
vlolnlty  of  tha  sits.  Ona  wall  shall  ba  plaead  upcradlant  of  tba  sits  and 
thraa  walls  shall  ba  plaoad  downgradlent  of  tba  sita.  Bach  wall  shall  ba  an 
avarag*  of  $0  foot  la  dapth;  total  footage  drillad  shall  not  azoaad  280  fast. 

b.  Collact  ona  ground-watar  aaapla  fros  aaob  wall. 

e.  Bach  ground-watar  aaapla  shall  ba  analyzed  for  TOC,  04G/IS, 
IOC,  TOZ  and  tba  heavy  aatals  spaeiflad  in  ittaehaant  1. 

d.  Collact  surfaoa  water  and  sadlaant  aaaplas  froa  four  sampling 
locations  along  Cadar  Crash.  In  addition,  oollsot  a  surfaoa  water  and  sadl- 
aaot  aaapla  froa  one  saapllag  location  la  tba  tributary  drainage  ditch  that 
aatsrs  Cadar  Crash  near  tha  sits,  downgradlent  of  tha  taaporary  dan  location 
at  Sita  5,  C-1A1  Spill  Traach.  A  aaziaua  of  5  surface  water  and  5  aedlaent 
aaaplas  shall  ba  analyzed. 

a.  Each  surface  water  aaapla  shall  ba  analyzed  for  TOC,  OAG/IR, 
TOC,  TOZ,  and  tha  heavy  aatals  specif  lad  in  Attachaant  1 .  Bach  sadlaant 
aaapla  shall  ba  analyzed  for  TOC,  04G/IR,  TOZ,  and  the  baary  aatals  spaeiflad 
in  Attachaant  1. 

A.  Sita  3.  I- iraa  Storage  Sit* 

a.  Install  A  ground-water  aonitoring  walls  in  tba  iaaadiata 
vicinity  of  the  sit*.  Ona  wall  shall  ba  plaoad  upgradiant  of  tha  sita  and 
thraa  walls  shall  ba  placed  downgradlent  of  tha  sit*.  All  walls  shall  ba 
positioned  no  as  to  surround  tha  sita.  Bach  wall  shall  ba  an  average  of  50 
feat  la  dapth;  total  footage  drillad  shall  not  azcaad  280  feat. 

b.  Collaot  one  ground-watar  saapl*  froa  each  wall. 

o.  Bach  ground-water  saapl*  shall  b*  analyzed  for  0AG/I1,  TOC, 

and  TOZ. 

d.  Collact  three  naar-surfao*  aaaplas  with  a  band  auger  along  tba 
periphery  of  tba  ooncrat*  pad.  Bach  soil  saapl*  shall  b*  oollactad  to  a  daptb 
of  approximately  1  foot. 

a.  Baoh  soil  ample  shall  be  aaalysad  for  OAG/IR  and  TOZ. 
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5.  Sit*  *.  Oil  Sit* 


•  Install  *  ground-vatar  aonitoring  valla  la  tba  Ibbsdiat* 
viaioitT  of  tba  ait*.  On*  vail  aball  b#  placad  upgradiant  of  tba  ait*  an d 
tb^vall*  shall  ba  plaoad  down®-*dieat  of  tba  aiU.  Each  vail  shall  ba  an 


5,  Collaot  oaa  ground-vatar  aaapla  froa  aach  vail. 

e.  Saab  ground-vatar  aaapla  aball  ba  analysed  for  0*<J/I1,  TOC, 

and  TOX. 

d.  On*  aoll  boring  aball  ba  dpillad  at  tba  oaotar  ef  tba  alt*. 
Boring  aball  b*  advaaoad  to  tba  groundvatap  tabl*.  Soil  boring  aball  ba 
ooaplatad  utilising  bollov  ataa  auger*.  Upon  vithdraval  of  tba  auger* ,  the 
borehole  aball  b*  grouted  vitb  a  bantonit*  oaaant  aiztura  froa  the  bottom  of 
the  borehole  to  the  ground  aurface  to  avoid  downward  percolation  of  contami- 
natad  natarial.  Soil  aaaplea  aball  ba  retained  for  analysis  nt  5- foot  inter¬ 
val*  froa  tba  surface  to  30  feat  below  the  surfaoa  (BLS),  and  at  the  satur- 
atad/unsaturatad  son*  interface,  i  aaziaun  of  ?  noil  aaapla*  aball  b« 
analysed. 


a.  Knob  soil  aaapla  shall  ba  analyzed  for  0*0/ II  and  TOX. 

6.  Site  5.  C-141  Spill  Trench 

a.  Install  3  ground-water  ao  tutoring  veils  in  tba  mediate 
vicinity  of  the  ait*.  One  vail  shall  ba  placed  upgradlant  of  tba  ait*  and  two 
valla  shall  b*  plaoad  dovngradiant  of  tba  sit*,  ill  valla  aball  ba  positioned 
at  the  dovngradiant  and  of  tba  trench  near  the  temporary  dan  location.  Each 
well  shall  be  an  average  of  50  feet  in  depth;  total  footage  drilled  shall 

not  exceed  210  feat. 

b.  Collect  one  ground-water  aanple  froa  each  veil. 

c.  Baoh  ground-water  aanple  shall  ba  analyzed  for  04G/IB,  TOC, 

and  TOX. 

d.  Collect  surfaoa  water  and  aedlaent  saaples  fro*  three  loca¬ 
tions  along  tba  trench.  The  sampling  points  aball  be  located  one  at  aach  end 
of  tha  trench  and  ona  fro*  tba  oantar  of  the  trench.  1  aaxinua  of  three 
aurfaoe  water  and  three  aedlaent  aaaplea  snail  ba  analysad. 

a.  Inch  surfaoa  vatar  aaapla  aball  be  analysad  for  OSG/XB,  TOC, 
and  TOX.  Bach  aedlaent  aaaple  aball  ba  analysed  for  OtG/XB,  and  TOX. 

T.  Site  6.  Unofficial  Du*p  Site 

a.  Install  *  ground-water  *o tutoring  valla  in  tbe  mediate 
vieiaity  ef  tba  site.  One  vail  aball  be  plaoad  opgradlent  of  tba  site  and 
three  vails  shall  ba  plaoad  dovapedleat  of  the  ait*.  Saab  vail  aball  ba  an 
average  of  50  feat  in  depth;  total  footage  drilled  aball  not  exoeed  200  faat. 

b.  Collaot  oaa  ground-water  aaapla  fro*  each  vail. 

o.  Baa b  ground-water  saaplo  aball  bo  analysed  far  OIG/XB,  TOC, 

IDS.  sad  tba  heavy  aafcals  apasifiad  la  ittaahaant  i. 
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I.  Sits  T.  fc’nlang*  Tood/ansp 

•  Collect  surface  water  tad  sediment  uaplu  fro*  three  loaa- 
is  t be  vicinity  of  the  «ite.  One  seapllng  location  •ball  ba  Boar  the 
iiHSLr*  oio*  tba  eeoond  sampling  location  shall  ba  dong  the  boundary  line 
th*  sits,  and  tba  third  sampling  looatioo  shall  ba  approxi- 
MtalP  siSvny  between  tbeee^tso  points.  A  aaxlBus  of  three  surfaoa  water  and 


b.  Inch  swfaea  water  saaple  shall  ba  analysed  for  04G/IS,  TOC, 
TOX,  sitratas  and  phosphates.  Caoh  eedinent  saapla  shall  ba  analysed  for 
04G/X1  sad  TOX. 

C.  Wall  Installation  and  Clean-up 


Tba  veil  and  boring  area  shall  ba  cleaned  following  the  completion  of 
ssah  veil  and  boring.  Tba  contractor  shall  determine  those  drill  cuttings 
suspected  as  being  hasardous  vasts  based  upon  discoloration,  odor,  or  organic 
vapor  da taction  ins truss  at.  If  hasardous  vasts  is  suspected  in  the  process  of 
veil  installation,  the  contractor  Mall  bo  responsible  for  proper  oontalnarl- 
sstlon  a f  drill  cuttings  for  eventual  cover sent  disposal,  Tba  contractor 
shall  last  four  aaaplss  of  the  suspected  hasardous  vasts  for  IP  Toxicity  and 
Ignite blllty  as  spa cl fled  in  Attachment  1.  Disposal  of  drill  cuttings  is  not 
the  responsibility  of  the  contractor. 

D.  Insults  of  all  sampling  and  analysis  shall  be  tabulated  sad  incorpor¬ 
ated  In  the  Informal  Technical  Information  report  (Sequenoe  3,  itch  1  and 
Sequeooe  2,  itch  3  as  spacifled  in  Ztsm  fl  below)  and  forwarded  to  OSAP 
OEHL/TS  for  review. 


K.  leportiag 

1.  A  draft  report  delineating  all  findings  of  this  field  investiga¬ 
tion  shall  be  prepared  and  forwarded  to  the  OSAP  OXHL,  as  specified  in  Item  VI 
below,  for  Air  Poroe  review  and  cease nt.  This  report  shall  Include  a  discus¬ 
sion  of  the  regional  site  specific  hydrogeology.  Mil  and  boring  legs,  data 
from  water  level  surveys,  water  quality  and  soil  analysis  results,  available 
geohydrologlc  cross  sections,  g*oundwater  sad  gradient  vector  maps  and  labor¬ 
atory  quality  assurance  information.  The  report  shall  follow  the  OSAP  0K8L 
format  (sailed  under  separate  cover) . 

2*  Tbs  rsnn— antis tl on  section  will  address  each  site  and  list  them  h 
categories.  Category  I  will  oonsist  of  sites  where  as  further  action,  includ¬ 
ing  rasa  dial  action,  is  required.  Data  for  these  sites  are  considered  suf- 
fie lest  to  rule  out  unacceptable  health  or  eovirooMotal  risks.  Category  II 
sites  are  those  requiring  additional  monitor  lag  or  work  to  quantify  or  fur  the. 
assets  the  extent  of  current  or  future  sontdslastloa.  Category  III  sites  are 
sites  that  will  require  r Medial  actions  (ready  for  IIP  Phase  IT  actions).  1 
esoh  asms  the  contract  or  will  sMsarlxe  or  present  the  results  of  field  data, 
snviroMaatal  er  regulatory  criteria,  or  other  pertinent  information  support¬ 
ing  these  smnslmsions. 


i 
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p.  Goat  UtlMtu 

Tb«  contractor  ahall  provida  ocat  utluUi  for  til  additional  work 
mn—inlTl  to  perait  propor  determination  of  oontaainanta.  The  reeoaaenda- 
tiona  provided  at all  lnoludo  all  afforta  required  to  datarmina  the  magnitude 
aad  direction  of  eoveaent  of  disoovered  oontaalnanta  aloo<  with  aa  eetiaate  of 
tta  tlee  required  to  acocepliah  tha  propoaod  affort.  Thia  information  ah all 
ha  provided  la  a  eeperately  bouad  appoadiz  to  tha  final  report. 


0.  Moot laps 

Tha  contractor* a  project  leader  ahall  attend  one  meeting  with  iir 
Poroe  off id ala  and  regulatory  agency  repreaentativea  to  present  and  diacuaa 
reaulta  of  thia  investigation.  Thia  0001104  ahall  take  place  at  McEntire  air 
Rational  Guard  Base  SC  for  eight  hours  at  a  tiae  to  he  specified  by  the  USAF 
OEHL. 


II.  Site  Location  and  Dates: 


McEntire  iir  Rational  Guard  Base  SC 
Tiae  sad  Dates 
To  be  established 


III.  Base  Support:  Rone 


IT.  Governeent  furnished  Property:  Rone 
V.  Governeent  Points  of  Contact: 


1.  ILt  Marla  R.  LaMagna 
OSAf  OEHL/TS 
Brooks  iFB  TX  78235 
(512)  536-2158 
AT  240-2158 


3.  ILt  lollle  Green 

169  Civil  Ingiaeering  flight 
McEntire  ARC  Base,  fast over  SC 
29044 

(•03)  776-5121 f  Ext  291 

AT  51 3-8291 


2.  TSgt  Mitch  Brockean 
169  TAC  Clinie/SGPB 
McEntire  ARC  Base,  Baatover  SC 
29044 

(803)  776-5121 ,  trt  396 
AT  583-8396 

4.  Lt  Col  Michael  C.  Vasbeleskl 
AJIGSC/SGB 

Andrews  AFB  MD  20331 
(301)  981-5926 
AT  858-5926 
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?I.  IQ  addition  to  sequence  numbers  1.  5  tad  11  which  ere  applicable  to  all 


orders,  the  refereoce  ouabers  below  are  applicable  to 
are  data  applloable  to  this  order: 

this  ordar. 

Also  shown 

Seauenoe  lo. 

Hook  11 

Block  1? 

Block  12 

Block  IS 

Ateh  1 

a 

OME/B 

85AUG05 

MOV 

85  oepcs 

86 05- 

• 

3 

0/TIME 

as 

aa 

2 

Ateh  5 

2 

0/TIME 

as 

aa 

2 

•Two  draft  reports  will  be  required.  After  incorporating  Air  Foroe  ooaaents 
eonoeraiog  tbe  first  draft  report,  the  oootraotor  ataall  supply  the  OSAF  OKHL 
with  one  oopy  of  toe  aeoood  draft  report.  Upon  OSAF  OKHL  aooeptaooe  of  toe 
aeooad  draft  report,  toe  oootraotor  shall  distribute  toe  royal  amt  oopiea  per 
a  OSAF  OKHL  prepared  distribution  list.  Tbe  oootraotor  shall  supply  toe  OSAF 
OKHL  vito  20  oopiea  of  as  oh  draft  report  sad  50  oopiea  plus  the  original 
oaaera-reedy  oopy  of  toe  floal  report. 

••Open  ooypletlon 
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itticbuit  X 


Uftli  of  Oattatioa  liqtlnd 

L«**ti  of  Dataotioa  in  for  vatar  oUii  ahova  otkarvlaa: 


Aaalytical 

Bataotloa 

No. 

iulzu 

Oil  u4 

lathed 

Liait 

IlMO  !  ft  A 

Create 

(XB)  KM  413.2 

100  pg/L 

(vatar); 

100  pg/g 

(aoil) 

SSI; 

2SS 

•Total  Orgaaia 

Carkoa  (TOC)  0A  4X5.1 

1000  pg/L 

SSI 

•Total  Or goal e 

lalogaas  (TOZ)  BPA  9020 

3  Pg/L 

(vatar); 

3  pg/g 

(•oil) 

351; 

25S 

Volatile  Or  garni  c  Coopoaads  (TOC)  S01-602W  mm 

EPAS*-846/8010-8020S 

b 

■MS 

* 

0A  1S0.1 

10.1  aait 

341 

Spoeifie  Coadactaaca  KP1  120,1 

1  jaho/ca 

341 

Araaaic 

(1) 

BPA  204 .2 
or  204.3 

10  pg/L 

131; 

ss 

Co  da  in 

(1) 

EPA  2X3.2 

10  pg/L 

131; 

33 

Ckroalaa 

(1) 

KPA  2X1 .1 

SO  pg/L 

(vatar); 

3  Pg/g 

(•oil) 

131; 

SS 

Copper 

(2) 

BPA  220.1 

20  pg/L 

134; 

SS 

Load 

(1) 

1PA  239.2 

20  pg/L 

(vatar); 

(1) 

2  Pg/g 

(aoil) 

131; 

SS 

Mercery 

BPA  245.1 

1  Pg/L 

(vatar); 

a ad  BPA  245.5  (soil) 

0.1  pg/g 

(•oil) 

131; 

SS 

Niokal 

0A  249.1 

100  pg/L 

131; 

58 

tolsaiaa 

(1) 

BPA  270.3 

10  pg/L 

131; 

58 

tilror 

(1) 

0A  272.2 

10  pg/L 

131; 

SS 

Ziao 

(2) 

BPA  219.1 

»  pg/L 

131; 

58 

Nitratoa 

0A  353.3 

0.1  Pg/L 

3V 

IkoiyhitM 

BPA  1(3/1 

O.ljfc/L 

31 

0  Tosioity 

40  GVB  241.24 

••• 

4 

I gei lability 

40  CVB  241.21 

•••• 

4 

**•  toot  lorn  loro  la  for  TOE  i*4  TOC  out  W  tint  t)aaa  the  aoioo  Inal  of  tkt 

Laboratory  dlatillad  vatar  not  ikot  m  raayoaaa.  If  bo,  oorroctloas 
of  goaitiva  raaalta  aut  to  aada. 
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**Da  term  las  ll*it»  for  Volatile  Orgaaic  Composed.  u  specified  (or  tki  aoe- 
Kadi  by  EPA  Methods  <01-402,  for  water  lupin  tad  EPA  Methods  1010  sad  »020 
for  sedimeat  a ad  aoil  samples.  Method:  Federal  tealstar.  Vol .  44,  Ho.  233, 
pp  dM6S-d>473 .  this  sat  hod  skoald  ha  strietly  follow. d  laclsdiag  thasa  itaas: 

Itaa  1.4  “  This  aathod  it  reeoameaded  by  EPA  for  as.  oaly  by  ezperleacsd 
rasidaa  aaalystt  or  aadar  tha  elosa  sapervisioa  of  aach  qua  11- 
fiad  par soaa. 

Itaa  2.2  -  This  is  aoat  iaportaat.  If  iatarf araacas  art  aacoaatarad  (at  io 
aarly  paaha  aach  as  visyl  chlorida),  tha  aathod  provides  a 
aacoadsry  gas  chromatographic  aolaaa  that  will  ha  halpfal  lB 
rasolvlag  tha  eoapoaads  of  iataraat  froa  iatarf araacas.  This 
aaat  ha  doaa  ia  tha  esaa  of  wiayl  chlorida  aad  so  aoted  ia 
aaalysis  raport. 

Itaa  3.3  -  7. 1-7. 3  -  Thasa  aactioaa  oa  iatarf araacas,  ooatsaiaatioa  sad  QC 
shoald  ha  strictly  followed. 

Itaa  1.3  -  All  samples  aaat  ha  aaalytod  withia  the  rscommemded  holdiag  tiaca 
This  aaat  ho  fallaoad  vi thorn t  ascoptioa. 


Second-column  confirmation  is  required  when  values  exceed: 


Benzene 

Carbon  Tetrachloride 
1,2  Dichloroethane 
Methylene  Chloride 
Tecrachloroethylene 
Trichloroethylene 
Vinyl  Chloride 
Dichlorobenzene  isomers 
Any  other  organics 


0.7 

ug/L 

4.0 

ug/L 

0.1 

ug/L 

4.0 

ug/L 

4.0 

ug/L 

1.0 

ug/L 

1.0 

ug/L 

Sun  greater  than  10  ug/L 
Greater  than  10  ug/L 


Retention  times  on  both  coluama  oust  aatch  before  reporting  positive  value. 

If  no  aatch.  it  vill  be  considered  an  Interference . 

If  questions  are  encountered  about  certain  contaaiinants ,  the  contractor  may  be 
asked  to  chow  both  chromatograms  used  to  rule  out  possible  interferences. 


Detection  llaits  for  halogenated  and  aromatic  volatile  organics  shall  be  as 
specified  for  compounds  by  EPA  Methods  8010-8020.'  If  the  analytes  analyses 
exceed  10  ua/ a  in  soil,  second-column  confirmation  la  required. 
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— iiyj 


il 

10 

la 

200 

Cd 

10 

Cr 

50 

Pb 

20 

Id 

1 

U 

20 

A$ 

10 

••••Fiad  If  tupli  it  Id&itabla  at  140  F  or  balov.  If  so.  it  i*  • 

Imrdow  vast#. 

(1)  •  Prlaary  Driakiai  Tatar  ttaadard,  40  CPI  141.11. 

(2)  »  Saooadary  Driakiai  Tatar  ttaadard.  40  CPI  141. S. 


a 


b 


Total  of  23  includes  second-column  conf inaatioo  for  501  of  che 

aamoles. 

Tatal  _o.f.  Ja,  lO-Cludes  second~c_ol.umn  conf_irc.3:ion  for  50"  of  the 

samples . 
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APPENDIX  D 

MONITORING  HELL  AND  SAMPLE  NUMBERING  SYSTEM 


McENTIRE  ANG  BASE  IRP  PHASE  II  STAGE  I 
MONITORING  WELL  AND  SAMPLE  IDENTIFICATION  SYSTEM 


Location 

Monitoring 

Well  No. 

Groundwater 
Sample  No. 

Surface  Water 
Sample  No. 

Soil/Sediment 
Sample  No. 

Sice  No.  1: 

MW  1-1 

GW  1-1 

SD1-1 

No.  5  Fire 

MW  1-2 

GW1-2 

SD1-2 

Training  Area 

MW  1-3 

GW  1-3 

SD1-3 

MW1-4 

GW1-4 

SD1-4 

Site  No.  2: 

MW2-1 

GW2-1 

SW2-1 

SD2-1 

No.  1  Fire 

MW2-2 

GW2-2 

SW2-2 

SD2-2 

Training  Area/ 

MW2-3 

GW  2- 3 

— 

SD2-3 

Sanitary 

MW  2- 4 

GW2-4 

— 

SD2-4 

Landfill 

MW2-5 

GW  2- 5 

SW2-5 

SD2-5 

SW2-6 

SD2-6 

Site  No.  3: 

MW  3-1 

GW  3-1 

SD3-1 

Y-Storage 

MW3-2 

GW  3- 2 

SD3-2 

Area 

MW3-3 

GW3-3 

SD3-3 

MW3-4 

GW  3- 4 

Site  No.  4: 

MW4-1 

GW 4-1 

SD4-1 

Oil  Dump 

MW4-2 

GW4-2 

SD4-2 

Site 

MW4-3 

GW4-3 

SD4-3 

MW4-4 

GW4-4 

SD4-4 

Site  No.  5: 

MW5-1 

GW5-1 

SD5-1 

C-141  Spill 

MW5-2 

GW5-2 

SD5-2 

Trench 

MW5-3 

GW5-3 

SD5-3 

SD5-4 

Site  No.  6: 

MW6-1 

GW6-1 

SD6-1 

Unofficial 

MW6-2 

GW6-2 

Dump  Site 

MW6-3 

GW6-3 

Sice  No.  7: 

SD7-1 

Drainage 

SD7-2 

Pond /Swamp 

SD7-3 

SD7-4 

SD7-5 

SD7-6 

Bldg.  145: 

W-l 

W-l 

Supply  Well 

81dg.  144: 

W-2 

W-2 

Supply  Well 


Note:  Sample  No.  *  sample  location. 

—  »  water  not  present  for  sampling. 


McENTIRE  ANGB  -  IRP  PHASE  II,  STAGE  I 
MONITORING  WELL  AND  SAMPLE  IDENTIFICATION  GUIDELINES 


Monitoring  wells  will  be  designated  by  the  letter  "MW”  followed  by  a 
digit  for  the  site  number.  A  second  digit  will  be  assigned,  sequentially  and 
in  a  clockwise  manner  (starting  with  the  number  (1)  for  che  designated  up- 
gradient  well),  to  indicate  location  within  a  site.  For  example,  MWi-L  = 
monitoring  well,  site  number  I,  location  number  1. 

Sampling  locations  and  sample  identification  numbers  will  be  designated 
by  sample  medium  followed  by  two  digits  indicating  site  number  and  location 
within  the  site.  The  following  codes  will  be  used  to  designate  the  sample 
medium:  GW  *  Groundwater;  SW  =  Surface  Water;  SD  =  Soil/Sediment.  For  example, 
GWI-I  =*  groundwater  sample,  site  number  1,  location  number  1.  A  minimum  of 
four  drill  cutting  samples  will  also  be  taken  and  tested  for  EP  Toxicity  and 
Ignitabilitv.  The  letter  "C“  will  be  used  to  designate  these  samples,  which 
will  also  be  followed  by  the  site  and  well  number  identifiers  (e.g.  ,  C 1  —  2  = 
cutting  sample,  site  number  1,  well  number  2).  Sampling  location  numbers  will 
correlate  with  sample  identification  numbers.  Use  of  this  system  will  facili¬ 
tate  the  addition  of  sampling  points  during  later  stages  of  the  IRP  Phase  II 
site  investigation  program,  if  necessary,  and  will  serve  to  eliminate  potential 
miscorrelation  of  sample  identification  (and  analytical  results)  with  sample 
location. 

For  field  QA/QC  purposes  a  field  blank  and  bailer  wash  will  be  prepared 
for  each  day  of  sampling.  In  addition,  a  duplicate  sample  will  be  obtained  of 
approximately  every  tenth  sample  taken  per  medium.  Field  blanks  and  bailer 
washes  will  be  designated  by  the  letters  "FB"  and  "BW,"  respectively,  and  will 
be  followed  by  a  digit  indicating  day  of  sampling.  For  example,  FB-1  =  field 
blank,  day  1;  BW-1  *  bailer  wash,  day  1.  Duplicate  samples  will  be  identified 
by  placing  the  letter  "D"  after  the  identification  number  assigned  for  that 
point  (e.g.,  GW3-2D  =  groundwater  sample,  site  number  3,  location  number  2, 
duplicate).  Because  weather  and  site  conditions  will  influence  the  order  in 
which  samples  will  be  obtained,  identification  of  duplicate  sampling  points 
cannot  be  made  at  this  time.  Sample  identification  numbers  will  be  assigned  at 
the  time  of  sampling.  Similarly,  the  location  of  cutting  samples  to  be  taken 
for  EP  Toxicity  and  Ignitability  testing  will  be  determined  in  the  field.  An 
appropriate  sample  identification  number  will  also  be  assigned  at  that  time. 


-  -)  ASSOCIATES 

a  Company  at  Aoei'caoont  me.  ^ 

3400  .Vtstoarx  >*«■  v-^ima  ^'CZ 

Project:  McEndre  A Hf>  Base 


ORILLIHC  LOG 
Ovntr:  -  ■  ■  jj ' .  j 

r  .icic  ton :  Y  Area 
Storage  Yard 


Well  Ho.  :  mu  ■}_? 


Field  3cck  Sc. :  3  ;;  114-121 

3v  : _  Rick  Eades 


Ui 

z 

in 


Legend 

Sradac.cn 

51: 

Sampling  Interval 

Trace  y\ 

RE: 

Recovery 

Little 

5  S  : 

Solit  Spoon 

DEscxirriOM 

Some  20-30". 

n  . 

V-  • 

Cut :  mgs 

Add  "Y"  30" 

0.5'  -  Brown  ClOvr  4/4)  sandy  silt,  some  clay 


L.0'  -  Red  (2.5vr  4/8)  sandv  clave’ 


QJ  ASSOCIATES 


01 ILL IMG  LOG 


4  Cm mm*  at  Jww  *M*m 

9400  WwtMV  nnv*.  VfcUffv  v,/gjf«4  2102 


SI:  13.5  -  15. O'  3LS  RE :  A-fL _ 


'  -  tight  red  (2. Syr  5/8)  sandy  clayey  silt, 


:v  E 


Cuttings  becoming  more  reddish  yellow  and  coarsening 


downward  to  sandy  silt,  some  clay 


Jh _ '-3.3  -  2C 


RE:  1.4' 


1.4'  -  Mottled  red  (2. Syr  3/8)  red  yellow  (7.5yr  7/8  and 

_ Syr  7/6)  very  tight  sandy  silt,  some  clay, 

firm  to  stiff 


23.5  -  25.0'  3LS  RE:  1.3' 

1.3'  -  Light  red  yellow  ( lOvr  7/6)  grading  down_to 

pinkish  white  (7 . 5yr_  U2)__t ine  to  coarse_sand 
some  silt,  trace  gravel,  loose  _ 


DRILLING  LOG 


ASSOCIATES 

A  Cammmv  it  Smm  Aonkatomt.  i* c 
3400  WMtsw  nrrv«,  McLmd  Virgin*  22102 


MW  3-2  (cone.) 


1 

A  0  » 

l 

M 

1 

1 

3 

3 

i 

3 

oEscxirrioii 

/./.  1 

1 

■ 

Same  as  above 

SI:  43. 5  -  45.0'  BLS  bf.  1.5' 

ss 

*9 

1.4'  -  White  (10yr  8/1)  clayey  sand,  firm,  wet 

46 ' 

15 

0.1'  -  White  (lOyr  8/1)  clay,  moist 

14 

! 

C 

48' 

Same  as  above,  clavey  sand,  white 

1 

| 

( 

SI:  48.5  -  50.0'  BLS  RE:  0.9'  ■ 

P 

” 

P 

50'  _Zm 

SS 

*10 

10 

0.6'  -  White  (lOyr  8/1)  clayey  sand,  firm  , 

11 

0.3'  -  Red  yellow  (2.5yr  5/4)  medium  to  coarse  1 

13 

sand,  some  silt 

- 

5  2' 

j 

1 

I 

c 

P 

White  clayey  sand 

r 

c 

r 

,,I 

1 

1 

SI:  ?3.  '  •  ^.iV  V  c  Rc:l.l  M 

ss 

9 

1.1'  -  White  (lOyr  8/1)  clavev  sand,  firm  ■ 

P 

k» 

r 

p 

56'  l 

17 

29 

1 

c 

I 

r 

h 

C 

White  sandv  clav .  clavev  sand  S 

58' 

. 

• 

• 

• 

_ 1 

1 

dulling  LOG 


8: 


ASSOCIATES 


Cammmr  * *  Jmm  iMKinnt  m c 
MOWNoiir  «nv*.  McU*n.  virgin**  2102 


MW  3-2  (cone.) 


1 

l 

»! 

i 

1 

i 

ocscximoii 

50  - 

. 

si:  58.5  -  60.0’  RE:  1.3' 

■ 

ss 

7 

1.5'  -  White  (.lOyr  8/1)  clayev  silt,  firm 

; 

#12 

6 

dry  to  moist 

60' 

• 

to 

12 

* 

: 

n2  ’ 

C 

Firm  silt  became  stiff  at  about  61.5' 

SI:  63.5  -  65.0'  RE:  1.5’ 

SS 

5 

1.5'  -  White  (lOyr  8/1)  kaolinitic  clayey  silt. 

>13 

9 

stiff,  dry 

16 

1 

t 

«■  ! 

Note:  Since  clayev  silt  encountered  at  58.5'.  was  f.inp 

P 

grained,  dry  to  moist  layer,  screening  the  interval 

i 

•  I 

“  i 

t 

i 

below  was  determined  inappropriate. 

i 


so 


3f< 


a  ASSOCIATES 

a  CamoTT  at  Sc****  Aooiicaoa**-  >**■ 

3400  WeetoafK  Drive.  Vciean  '  rqimt  C2*CD 

Project:  McEncire  ANG  3ase _ 


08 ILL  INC  LOG 
Owner:  -  •  5  ■  ~ 


Well  No. :  MW  3-3 


site  oneccn 


Y  Area 


.oration: 

Storage  Yard 


Reference 

Pome :  Land  Surface 


Reference 

Pome 

Elevation : 


237.98 


'teld  3cc*  No . :  2 
.og  3y: _ Rick.  Eades 


i=L 


-  r  i ; .  e  r :  _ 

Rig  Type: 

Total 
Ceptn : _ 


■Earl  Mosel PV 


60.0' 


Dace  T_-» 

Drilling  Started:  4/16/3S  Q7;^hr 
Drilling  Comp  let  ed:4/ 1  6 /as  oqti^ 
Water  Leve  1 .43 'BLS  4/16/85  0853hr 


dulling  log 


Q)  ASSOCIATES 


4  © 
3400  W 


jmm  hhwii  >**■ 

McLmi*.  v.fgiw*  2102 


MW  3-3  (cone . ) 


10' 


12' 


1 


14' 


16' 


L3 ' 


:o' 

E 

L 

P 

E 


26* 


fl 


I 


J 


SS 

-•*3 


SS 


10 


!  13 


c  . 


SS 

■•■•5 


10 


oiscsmzoai 


SI;  13.5  -  15.0'  BLS 


RE :  1.3' 


1.31  -  Red  (2.5yr  4/8)  sandy  silc,  some_clay. 


firm  to  stiff 


Same  as  above 


31:  13.: 


-  n .  o 1  q  t  q 


RE:  1.1' 


1.1'  -Mottled  red  yellow  (Syr  6/8,  Syr  3/2, 


2. Syr  4/8,  and  lOyr  7/8)  poorly  sorted 


fine  to  coarse  sand,  silt,  and  clay,  firm 


Same  as  above 


SI:  23.5  -  25.0'  BLS 


Ml. 


0.3'  -  Red  yellow  (2.5yr  5/8)  silty  sand,  little  clay 


I 


4 


4 


1 


0.6' 


fine  sand  and  gravel,  some  clj 


0.5'  - 


silty  sand,  some  clay,  firm 


I 


all  lSil£  ASSOCIATES 

Cunmn  9*  Smw»  Aovtoaow*.  i/k. 

•00  WwtsvT  ^nv*.  McLMfl  Virginia  22*02 


OBILUHC  LOG 


MW  3-3  (cone.) 


26' 


i 


28' 


t 

J0'_£. 


32' 

L 

r 

r 


34' 


36  ' 


r 

h 


r 

u 


33' 


ft 


SS 

*6 


SS 

*7 


»G ' 


SS 

«8 


3 


oescximoii 


10 


Same  as  above 


Hit  gravel  layer  at  abouc  27.0  -  28.0' 


SI;  28.5  -  30.0'  BI.S 


0.4'  -  Red  (2.5yr  5/8)  silty  sand  and  gravel,  some  clay,  loose 


1.1'  -  Light  gray  (lOyr  7/2)  silty  clay,  Tace  Sana,  stiff 


Hit  top  of  sandy  layer  at  about  32.0' 


51:  33.5  -  35.0'  3LS 


RE  :  1  •  4 ' 


1.4'  -  Light  gray  ( iQyr  7/2  and  thin  reddish  (2.5yr  5/8) 


streaks,  fine  to  coarse  sand  and  silt,  little 


kaolinitic  clay,  loose  to  firm 


10 


Same  as  above 


is . 


--*Q-'V  51 2 


RE:  1.5' 


1.5'  -  White  (IQyr  8/1)  fine  to  coarse  sand,  silty. 


some  ciay,  loose,  dry 


■  V=  *5:  1.4' 


.  1 '  -  White  ( iOyr  3/1)  with  light  red  laminae 


(2.5yr  6/3)  clayey  sand,  some  very 


thin  clay  interbeds,  loose,  wet 


.3'  -  White  ( IOyr  3/1)  clayey  silt,  firm,  moist 


to  dry 


White  clayey  silt  grading  down  to  silty  clay  at  about  56.0' 


.ufo  ASSOCIATES 

_ /  at  Somme  AMMteaswn.  me. 

MOO  Wwtsw  r'nv#.  Me  Last  Virgin*  22102 


OlILLIHC  LOG 


MW  3-3  (cone . ) 


3Jj  J  c\u  0?  associates 

A  Cotnpmtr*  of  Seine*  AoeAeaaofts.  Inc. 

3400  WestoacK  Onva,  Mcuaao,  Virginia  22102 


Project : 


McEntire  ANG  Base 


WELL  CONSTRUCTION  SUMMARY 


Owner: 


U.S.  Air  Force 


Well  No .  : 


MW  3-4 


Drilling  Smeary: 

Total  Depth:  68.1' 
Borehole  Diameter! s ) : 


Drillers:  Earl  Moseley 
Soil  &  Material  Engineers 

Rig  Type:  CME  530 


Elevation:  Lane  Surface:  240.61  3it(s):  Hollow  Stem  Auger - - 

Top  of  Cas ing :  Drilling  Fluid  . vpe  •  water  - 

Supervisor'/  Geologist:  Rick  Eades  Amounc  use :  £  gallons 

■og  3ook  _ 2_  =0.  k'acer  *»•»'  ™  *'18'8.5 


Well  Design:  . 

Casing:  Material:  Schedule  40  PVC  Screen:  Material:  Schedule  up  PVC  _  | 

Diameter: _ 2 _ ID-  2k  OP  Diameter: _ 2 - . - I 

Length:  50.5* _  Sloe:  .013,  5  slot/inch _ _  | 

Filter:  Material:  Torpedo  Sand  Setting:1-^  ~5  ~  68,']-  BLS _ __ 

Setting:  ^.5  "  69.8'  BLS _  Seals:  Type:  Bentonite  Pellets  [ 

Grout:  Tyoe:Port.  Cement/Bentonite  Setting:  43.5  -  45.5  BLS _ 

Setting:  2.5  -  43.5*  BLS _ _  Surface  Casing:  Steel  WOP  x  5'Lt.  | 


Other:  Steel  casing  cemented  from  2.5'  BLS  to  land  surface. 


Time  Log: 


Dr i 1  ling  : 

Ins'tal Lacion  •. 
wacer  LeveL  Reading: 
Development  : 


Started 


4/18/85  0720hr 
4/18/85  1002hr 


Completed 


4/18/85  lOOOhr 
4/18/85  1425hr 


4/18/85  0920  (48.5’BLS)  4/18/85  1430hr  (47 


Well  Development: 

Method/ Equipment :  Air  Surge( lhr) / 1 . 7"  Brainard-Kilman  Hand  Pump. 

Static  Depth  to  Water:  ^8.5* _ 

Pumping  Depth  to  Water:  6  7.3' _ _ 

Pumping  Race  :  @_1  gal/min. _ _ _ _ 

Volume  Pumoeo:  100  gals- 


OR  ILL  I MC  LOG 


-o, .  ~  -  c:  ASSOCIATES 

a  CoKHfMfiv  <j t  Settle*  aoeocjoonj.  ine. 
a«00  weetoar*  >v«.  Uc.aan  vr gima  22’CT 

Project:  McEncire  AMG  3aa£. 


Site  iketen 


Owner:  ■  5  •  rorce  Well  Mo.:  MW  3-4 


'  scat  ion :  Y  Area 

tie  is  Soc 

*  ,;0-  ■'  a  o:  123-129 

Storage  Yard 

Log  3y: _ 

Rick  Eades 

0  r  i  i  1  e  r : 

Earl  Moselev 

Rig  Type: 

CME  vO 

Re  f erence 

Pome:  Land  Surface 

Total 

Ceptn: 

70' 

Reference 

Point 

Elevation:  240.61 

r. 

.« 

r-» 

■r4 

%4 

o 

1 

Tate  T 

Started:  4/18/85  07" 

OnlUng  Completed  4/ 18/8  5  inn 
Water  Lave  L : 48 . 5  ' BLS  4/18/35 


Legend 

Cradac  .on 

| 

A 

I 

i 

n 

ii 

« 

j 

i 

s 

51:  Sampling  Interval 

R£;  Recovery 

5 S :  5olit  Sooon 

C:  Cuttings 

Trace  1  -  . : \ 

Little  1 " - ^0% 

OESCUPTIOH  Sorne  2  0  -  ]0% 

Add  "Y"  30% 

1 

1 

| 

i 

i 

j 

• 

• 

t 

r 

• 

1 

i 

m 

m 

c 

1 

3rown  sandv  silt 

51:  3.3  -  5.3’  3LS 

1.5' 

ss 

i 

0.5'  -  Yellow  red 

(7.5vr  5/6)  sandv  silt,  loose 

T 

..  i 

L 

3 

1.0'  -  Red  (2. Syr 

4/3)  clayey  sand  silt, 

to 

3  . 

firm 

: 

r 

f 

t 

r 

Same  as  above 

* 

r 

* 

» 

r 

to 

to 

51:  3.5  -  10. O'  3L5 

?-•  1.5' 

to 

i 

33 

-  6 

1.5'  -  Red  (2.5vr 

t 

..  i 

9 

12 

drilling  log 


3JJ  j  au  ti)  ASSOCIATES 

a  c.  f  T~i'  rrnf —  - * —  "" 

MO  W mam  nnv«.  Mcuan.  Virgin «  22102 


MW  3-4  (cont.) 


|i!  I 


ofscximon 


18’  P 


F  c 
F 

r 


Same  as  above 


SI:  13.5  -  15. O’  BLS  RE:  1-4’ 

_ 1.4'  -  Red  (2.5vr  5/8)  clayey  sand  and  silt, 


yeilow  red  screaks  (5yr  6/8),  firm 


veilow  in  color 


L.21  -  Mottled  red  (2.5yr  4/8)  yellow  flOyr  8/8) 


w  red  sand,  trace  aravel 


23.5  -  25.0’  BLS  RE:  1-3' _ 

1.5'  -  Light  red  (2.5vr  5/8)  medium  to  verv 

coarse  sand,  some  silt  and  clay,  trace 
_  gray e 1 ,  loos e,  dry 


26 ' 


?m  :  ::  H 


JJ  i£\u_Q;  ASSOCIATES 

t  e. — nrrr  sr  S*m*»  Ao**€»aom.  it* e 
a4Q0  Waataart  nnva.  McUan  Virginia  22102 


OR ILL IMG  LOG 


»•  1 


1  h 

3 

?  4 
1 

3 

1 

I 

s 

c 

5 

7 

C 

■ 

■ 

ss 

8 

*7 

7 

_ 

9 

iMW  3-4  (cone 


oEsciimoii 


Same  as  above 


SI:  28.5  -  30.0’  BLS _ RE:  1.5’ _ 

1.5'  -  Pink.  (7.5yr  6/4)  medium  to  very  coarse 
_ sand,  little  fines  (silt/clay)  loose,  dry 


Hit  loose  sand  at  about  31.0' 


SI:  33.5  -  35.0'  BLS _ 1.5' 

1.5'  -  White  (lOyr  8/1)  clayey  sand,  trace 
silt,  loose,  dry 


Same  as  above 


38.5  -  ^0 - 0 '  ^T.-S  _ I-5' 

1.3'  -  White  (IQyr  8/1)  clayey  sand 
0.2'  -  Red  (2.5yr  4/8)  fine  to  coarse  sand, 
some  fines  (silt/clav) ,  firm 


X  ASSOCIATES 

_ _  ot  JMM  /«C 

MX)  °rrv«.  MeUMn.  Virgin*  2102 


08 ILL INC  LOG 


MW  3-4  (cont . ) 


42' 


44' 


46', 


i8'T 

U 

t 

h 

50'  I 


r 

C 

P 


5^ ' 


56'  l 


II 


SS 

*9 


3 

3 


u 


10 


SS 

>*10 


SS 

-•11 


10 


14 


DEScurrioM 


SI:  43.5  -  4  S . 0 1  BLS 


Mi. 


1.5’ 


0.2*  -  White  (lOyr  8/1)  clay 


1.0*  -  White  (lOyr  8/1)  and  red  (2.5yr  4/8) 


fine  to  aedium  sand 


0.3'  -  White  (lOyr  8/1)  clayey  silt 


White  clayey  sand 


SI:  48.5-50.0'  BLS 


RE: 1-3' 


1.3'  -  White  (lOyr  8/1)  clayey  sands,  loose. 


wet 


Same  as  above 


SI;  ?  3  .  5  -  5  ^  .  i~> 1  *  LS 


3E:  Q.9' 


0.9'  -  White  (IQvr  8/1)  clayey  sand,  loose. 


wet 


Same  as  above 


58 


QjJ  law  Dj  ASSOCIATES 

A  Camo»ny  of  Science  AooAcMOom.  Inc. 

3400  Westoark  Drive.  McLean.  Virginia  22102 


Project:  McEntire  ANG  Base 


WELL  CONSTRUCTION  SUMMARY 
Owner:  L’-s-  Air  Force _  Well  No 


Drilling  Sumry: 

Tocal  Deoch;  65.6* 

3orehole  Qiamecer(s):  6%" _ 

Elevacicn:  Lana  Surface : 264.28 

Top  of  Casing: _ __ 

Supervisory  Geologise:  Rick.  Eades 
Log  3ook  So .  3  pp .  84-95 


Drillers :  Earl  Moseley _ ■ 

Soil  &  Material  Engineers 

Rig  Type:  CME  550  J 

3i;( s) :  Hollow  Stem  Auger  _ 

Drilling  Fluia  Type  :  water _ ft 

_  Amount  i'se:10  gallons _ 

water  Level:  *2.8'  BLS  (4/ 14/85  U58| 


Well  Design: 

Casing:  Maceriai:  Schedule  40  PVC  Screen:  Material:  Schedule  -*0  ?VC 

nil  n[  II  '*.11 

Diameter:  z  rv  c-s  ,nn  niam »r»~‘ 


'i  0D  Diamecer: 


Length: _ 48J _  Slot:  -015,  5  slot/inch _ _  | 

Filter:  Material:  Torpedo  Sand  Setting:  46-0  -  65-6'  BLS _ { 

Setting:  45.0  '  65.6'  BLS _  Seals:  TypeT  Bentonite  Pellets  I, 

Grout:  Type. -Port.  Cement/Bentonite  Setting:  41.0  -  45.0*  BLS _  i 

Setting:  2.5  -  41.0'  BLS _  Surface  Casing:  Steel  WOP  x  5'Lt.|j 

Other:  Set  screen  at  46'  BLS  because  clay  occupied  interval  j 

immediately  above  46'  and  wanted  to  screen  sand  interval  onlv .  ■; 

- —  I 

Steel  casing  cemented  from  2.5'  BLS  to  land  surface.  i 


T  ine  Log : 

Started  Completed 

Drilling: 

4/13/85 

1509hr  4/14/85 

0910hr 

Ins'ta  1  lac  ion  : 

4/14/85 

09 15hr  4/14/85 

1204hr 

water  Level  Reading: 

4/13/85 

1 7 2 7h r  (43.6' BLS) 4/ 14/85 

1458hr  ( 

Development  : 

- 

44,  c  ~  -  X  ASSOCIATES 

A  Comma**  ot  S««ki  Aomncaaons.  inc. 

MX  <V«to*fK  2nv«.  Mc.MC  '<  rgmia  22’C2 

Project:  McEntire  ANG  3asa _ 


MILL  INC  LOC 

Owner:  .' ■  3  .  i'.r  Eerts  Well  Mo .  :  _  MW  4- 1 
t.-igitien:  D^P  Site  Field  3cc<  Nc.:  3 


Rick  Eades 


Reference 

Pome :  Land  Surface 

Reference 

Pome 

Elevation:  264.28 


site  oiceccn 


Total 

Depcn: 


Drilling  Started:  4/n/SS  ) 
Drilling  CompletedA./U/SS  n 
Water  Leve 1 :43 . 6  1 BLS  4/13/85  1  > 


DULL  ■  IKS  LOG 


UiiiliLQj  ASSOCIATES 

A  Cmmmr 

MO  WwtD«v  "fiy*.  McUmti  Virginia  2102 


MW  4-1  (cont . ) 


it!  j 


otsciimoii 


Same  as  above 


13.5  -  15.0*  BLS  RE:  1'1’ 

1.1'  -  Red  yellow  (2.5vr  5/8)  silt,  some  fine 
sand,  trace  clay,  firm  _ 


r 

C 


Yellow  red  silt,  fine  sand 

SI:  18.5  -  20.0'  RT.<;  RE:  1-1„! _ 

0.7’  -  Yellow  gray  (2.5yr  5/8)  and  red  yellow 

_ (3yr  6/8)  sandy  silt,  trace  clay,  firm 

_ 0.4*  -  Pink  (2. Syr  6/6)  clayey  silt,  trace  sand, 

firm 


4 


SI:  23.5  -  25.0*  BLS _ RE:  l-4 

1.4'  -  Mo ttled  grayish  pink  (5yr  7/1)  and 
yellow  (lOyr  6/8)  clay,  trace  silt 


7 


ASSOCIATES 


a  Cmwm y  a#  JmM  4a**eac«rt*.  /nc. 

VCO  Wa«ts air  nriva.  Mctaar  Virginia  22102 


i») 

its 


OK ILL  IMG  LOG 


MW  4-1  (cone . ) 


oeseximoM 


Hit  top  of  clay  layer  at  about  42.5' 


44' X  SS 
L  <>9 


SI:  43.5  -  43.0'  3LS  ,  RF-  1.5' 

1.5'  -  Mottled  yellow  (lOyr  6/8)  and  reddish 

brown  (5yr  5/4)  soft  clay 


Hit  top  of  sand  layer  at  about  46.0 


SS 

0 

••'10 

0 

3 

SI:  48.5  -  50.0’  8LS  RE:  1.5' _ 


'  -  Yellow  (lOyr  6/8)  fine  to  very  coarse  sand. 


trace  silt,  very  loose  and  wet 


Same  as  above 


.  3 .  '  -  ^  .v  Rt  ^  0.7' 


0.7'  -  Yellow  (LOyr  6/8)  coarse  sand  and 


gravel,  loose 


J  _  _ 

MOO  w«tMrr  nnv#.  MeU*n.  virgin*  22102 


W  l)  ASSOCIATES 


DH  ILL  INC  LOG 


^  a  *  -  -- ASSOCIATES 

A  Comaanv  of  5 eitret  Aaotictoons.  me. 

3~0C  Drive.  Ucuean  Virginia  D2TQ2 


WELL  CONSTRUCTION  SUMMARY 


Project:  HcEntire  ANG  Base 


Owne  r :  U  .  S  .  Air  Force 


We  11  No  .  : 


Drilling  Siaury: 
Total  Depth : 


65’  BLS 


Dr-. .  la  rs  : 


Harris  Howard 


Borehole  Diamecen  s  )  6‘ 


Soil  &  Material  Engineers,  Inc. 


_ _  Rig  type:  CMB  550 

Elevation:  Lane  Surface:  263.66  Bids):  Auger _ 

Top  of  Casing: _  Drilling  rluic  Type : _ 

Supervisory  Geologise :  Candace  Mothwanger  Amount  Usa:_ 
Log  Book  So .  ^  gp . i si -l 59  Water  Level:  43'  BLS 


Well  Design 

g:  Mac 


;  i ame  c  e  r : 


Length^ 


Schedule  40  PVC  Screen:  Material:  Schedule  4n  PVC 

ID  2  5 /  16'TP  Diameter: 

ty0r:  0.015,  5  slot/inch 


Filter:  Material :  Torpedo  Sand  Setting:  43'  -  63'  BLS _ 

Setting  41'  -  63*  BLS _  Seals:  Tvpe:  Bentonite  Pellets 

Grout:  Tvpe:  Cement/Benconite  Setting:  39'  -  41'  BLS _ 

Setting:  2-5'-  39'  BLS _  S.rfaca  Das  mg:  Steel  ( OP  x 

Dche-:  Steel  casing  concreted  from  2.5'  BLS  to  land  surface. 


Tiac  Log: 


Started 


Completed 


Drill  mg 


msca*. -ac  ion 


Water  Level  Readir.i 


-.eve  i  opnen.c 


4/15/85  0848  hrs 

4/16/85  1130  hrs 

4/15/85  43'  BLS 


4/16/85  1130  hrs 

4/16/85  1500  hrs 

4/17/85  45'  BLS 


Well  Development: 

Method/ Equipment :  Air  surge  (1  hr.)/  1.7"  Brainard-Kilman  hand  pump. 


Pumping  Depth  to  Water:  6 
Pumping  Race:  31  gal/min 


65  aals 


5*,  ASSOCIATES 

4  C**m*r  a*  $«>**•  400HC4OO4S.  IK- 

JAOO  Wtstfljf  *  QnvO.  Mcuean.  V'fginie  22  CZ 
Project:  McEncire  ANC  3as& 


OK ILL IMG  LOG 

Ownor:  L'.s.  Air  farce  V« L L  Mo.:  MW4-2 


r igician:  Site  4 

Oil  Dump  Sice 


Field  Eocn  '.'c  .  :  4 


Ltg  3y: 


rm-44^ 


Rtf trine* 

Point :  Land  Surface 


Rtftrtnct 

Pome 

Elevation: 


263.66 


Sit*  oKtcen 


Rig  Tvp* !  CME  V 
Total 

Depth:  65'  BLS 


Drilling  Started: 
Drilling  Complect 
Water  Level: 


Legend 

Gradation 

SI: 

Sampling  Interval 

Trace 

1  *  l  "* 

RE: 

Recovery 

Little 

12-207. 

SS: 

Solit  Spoon 

DCSCUPTIOM 

Some 

20-307. 

C: 

Cuttings 

Add  "Y 

"  >307. 

Sandy  clay. 


SI-.  3.5  -  5.0' 


Same  as  above. 


L^C 

(2.5YR  4/8); 


SI:  3,5  -  10.0'  9LS _ RF. :  1-  •  H _ 

Sandy  clay,  some  silt:  moctled.  red  (2.5YR  1H2 
very  pale  brevr.  ( 10YR  8/4) ;  g  i rm :  moist. 


O;  ASSOCIATES 

jMMiMIftlMm  In*. 

9<00  WwtM*  r'nv«,  McUan  Virgin*  2102 


OBILLlMC  LOG 


15.0’  BL 


Sandv  clay,  some  silt 


mottled,  red  (2. SYR  5/8),  red  (2. SYR  5/6) 


very  Dale  brovn_  10YR  8/4);  firm;  moist  to  dr 


Sandy  clay,  red. 


-  20.0’  BLS 


and  red  (2.5YR  5/8);  firm;  drv 


10R  5/6 


Clayey  sand  layer  extends  from  <3  21  -  25’  BLS. 


ss 

20 

#5 

1  20 

12 

23.5  -  25.0’  BLS  RE:  0.8' 


Clayey  sand,  some  silt;  brownish  yellow 


( 10YR  6/8);  loose;  dry. 


26' 


P«f  2  5 


TJlJCtU  0 J  ASSOCIATES 

i  "T-««rr  s#  Imm  *0**9oom.  <** 

•MOO  Wwaarr  nnv«,  Mcuan.  Virgin*  22102 


!h 

if! 


oKScximoM 


28.5  -  30.0*  Bt-S  RE:  1.4' 

Clay,  some  sijj:^  mottled  yellow  ( 10YR  7/8)  t0 
brownish  yejjow  ( 10YR  6/8),  red  ( 2 . jYR_^/j_^_and_ 
white  (1QYR  8/1)  ;  dense;  dry. _ _ _ 


Same  as  above . 


SI:  33.5  -  35.0' 


1. 


Clav.  trace  silt:  mottled,  yellowish  brown 
(10YR  5/8).,  brownish  yellow  (10YR  6/8),  and  lignt 

grey  (2.5YR  7/2);  stiff;  dense;  dry. _ 


Sand  layer  from  (3  36.5  -  41.0'  BLS. 


38.5  -  40.Q'  31-5 - - 

Fine  to  medium  sand;  yellow  (10YR  8/8), 
reddish  yellow  ( 7 . SYR  6/8),  and  very  pale 


brown 


loose:  dry. 


Clay  layer  from  41  -  42'  BLS. 


DULLING  LOG 


^  ASSOCIATES 

4  Comosny  at  Sciarea  Aooucaoans.  Ine. 

5400  .Vestaer*  3 nve.  Mcuean.  vrgima  22*02 


WELL  CONSTRUCTION  SUMMARY 


Proieec:  McEntire  A.NO  Base 


Ownit:  'i.S.  Air  Force 


We  1 L  No 


Drilling  Si^aery: 

Tcta.  Deoth:  60-0’  BLS 
3orehole  Diameter:  s  : :  %W 


,r:..e:s: 


.  Harris  Howard 


Soil  &  Material  Engineers,  Ire. 


_ _  Rig  Ivpe:  CME  3  50 _ 

Elevation:  Lana  Surface:  263.25  3i:(s):  Tri-  Cone  Roller  Bit _  ' 

Top  z  i  Cas  mg  :  Cnllir.g  Fluid  Type:  Bentonite/'.'atei 

Supervisory  Geologist  :  Candace  Hothwanger  .Amount  Use:  280  sals. _ 

Log  Bock  No .  ^  pp .  129-150  Wacer  Level:  -*0'  BUS  _ 


Well  Design: 

Casing:  Material :  Schedule  40  PVC  Screen:  Material:  Schedule  wn  ?VC 
Diameter :  2" _ 10  2  5/16’tD  Diameter: _ _ 


Length:  42.08' 


Material:  Torpedo  Sand 


0.015,  5  sloc/inch 


40’  -  60’  BLS 


Setting  38'  -  60'  BLS _  Seals:  Tvpe:  Bentonice  Pellets 

Grout:  Tvpe:  Cement/Bentonite  Setting:  36  -  38'  BLS 

Setting:  2.5  •  36  BLS  5-riace  Casing:  Steel  1  OD  v. 

Ctr.er:  Steel  casing  concreted  from  2.5'  BLS  to  land  surface. 


T iae  Log : 


Drilling  ; 


.n.scai  .at  lor. 


Started 


4/13/85  1532  hrs 
4/14/35  1253  hrs 


Coaipieced 


>  / 1 4 / 8  5  1015  hi 


i / 1 4 / S 5  1-25  hrs 


Water  Level  Reading:  -  .’14/85  40.08'  BLS 


■  /  L  5  /  3  5 


1.5'  31 


.eve  .  comer. t 


Well  Developaenc: 

Method. Equipment :  Air  surSe  (1  hr.)/1.7"  Brainard-Kilman  hand  pump 

Pumping  w e p c n  to  *ater; _ 

Pumping  Rate:  £  1  gal/min 
o  1  -me  Pumseo:  1500  sals 


CULl  ASSOCIA ,  .3 

a  Cameewr  9*  Urn *«eo— *. '««. 

9400  weetoaf*  Qn*e.  Metiwt.  V'fgwia  22  C2 
Project:  McEntire  ANC  3ase 


OfilLLIWC  LOG 


Owner:  JJ_>S^^i£i-£or£e<_>  Well  Mo.:  MW4-3 


t.-cieisn:  Site  4 


Reference 

Psine _Land__Surface 

Reference 

Pome 

Elevation:  263.25 


:;eld  3ook  N'c.:  4  :;i29-i^ 

3y:  f!3„^nrf,  flnehyanger 

— Ha&cia  Sflaacd  _ 

Rig  Type :  o;E  s~n _ _ 

Toeal 

Depth:  ftn1  rt  q _ _ 

Date  :.r. 

OrilUng  ScacteO:  4/13/85  153?  V 
Drilling  CompleeeC.-4/14/fls  ;o?s 
•Jacer  Level:  4/14/85  40.08' 


UliWJLa;  ASSOCIATE 

*  Ctmmmf  «#  Jmm  *aa Reason*  in c 
MS  Wsetoarr  ''fry*.  McLaan.  Virginia  22102 


0BIU.IMG  LOG 


ocscumon 


Sandy  clav.  some  silt,  trace  aravel. 


15.0*  BLS 


Sandv  clay,  some  silt;  mottled,  red  (2.3YR  4/8) 


and  verv  pale  brown  ( 10YR  8/3);  stiff;  moist. 


4 


18.5  -  20.0’  BLS 


d .  red  L10R  4/6).  pale 


and  white  ( 10YR  8/1) 


23.5  -  25.0'  BLS 


Sandv  clav.  some  silt:  mottled,  red  ( 10R  4/6) 


ale  red  ( 10R  6/3),  white  (10  YR  8/1);  and 


yellow  (  10YR  7/8),  to  brownish  yellow  ( 10  YR  6/ 


stiff;  moist. 


26' 


JJj  ASSOCIATED 

t  Ctmmm  «*  S toetcaaori.  i/*. 

400  Wntuit  r'nve.  McLaen.  Virginia  S' 02 


OK  ILL  INC  LOG 


j.‘l 

•}H 


□KSdlPTIOM 


Clay  layer  begins  at  &  26'  BLS. 


SI:  28.5  -  30.0' 
Clay  trace  s« 


mottled  red 


(TOR  4/6),  weak  red  ( 7 . 5 YR  5/2  to  7. SYR  4/2), 
reddish  yellow  (5YR  6/8),  yellow  ( 2 . 5TR  8/6), 
and  white  (10YR  8/1);  stiff:  dense:  dry. 


SI:  33.5  -  35.0' 


r 

36'  JL 


SS  20 

*8  i  , 


-  Same  as  5S#6. 

-  Fine  to  medium  sand;  brownish  yellow 

( 10YR  6/8);  loose;  wee. _ 


Water  Table  at  @  40.08'  BLS. 


Pace  3 


J  fl  Ov  ASSOCIATES  o»iu.img  log 

A  '*T[— ITT  S#  Sum*  IM. 

1MJQ  A«ut  nnv«.  Meuan.  Virginia  22102 


QJJ  JQU  QJ  ASSOCIATES 

A  Company  of  Soane*  AppaesDons.  Inc. 

3400  WaatoarK  Onve,  McLean.  Virginia  22102 


Project: 


WELL  CONSTRUCTION  SUMMARY 


McEntire  ANG  Base 


Owner:  u-s-  Air  Forc.? 


Well  No 


Drilling  Suonary: 

Total  Depth:  62.0' 

Borehole  Diameter! s ) :  6^” 


Drillers:  Earl  Moseley 
Soil  &  Material  Engineers 


Rig  Type:  CME  550 _ 

Elevation:  Land  Surface:  264-41  3it(s;:  Hollow  Stem  Auger _ j 

Top  of  Casing :  _ _  Drilling  Fluid  Tvpe : none _ 

Supervise) rv  Geologise*  Rick  Eades  Arno un c  d s e  _  j 

Log  Book  No.  3 _  pp.  97-104  Water  Level:  ^>6.0’  BLS  (4/13/85  0912!' 


Well  Design: 

Casing:  Material:  Schedule  40  PVC  Screen:  Material:  Schedule  -0  ?'.C 

Diamecer: _ 2 _ ID-  2k  qq  Diameter: _ _ 

Length:  48' _  Slot:  -015,  5  slot/inch _ 

Pilcsrj  Ms^sridLi  Torpedo  S ei nd  Seccin^J  46«0  —  62.0  BLS 

Setting:  45.0  -  62.0'  BLS _  Seals:  Tvpe:  Bentonite  Pellets _ _ 

Grout:  TyoeiPort.  Cement/Bentonite  Setting:  43.0  -  45.0'  BLS _ 

Setting:  2.5  -  43.0'  BLS _  Surface  Casing:  Steel(4W"0D  x  5'Lt. 

Ocher:  Steel  casing  cemented  from  2.5'BLS  to  land  surface. _ 


i  T  iae  Log : 


Drill  ing  : 
Installation; 

Water  Level  Reading: 
Development  •' 


Started 


4/ 15/85  0 727hr 
4/15/85  1029hr 


Completed 


4/15/85  10  1 2hr 
4/15/85  1427hr 


4/15/85  09 1 2hr  (46'BLS)  4/15/85  1440hr  (48'3LS 


Well  Developoent: 

Method/Equipment :  Air  Surge! lhr) / 1 . 7"  Brainard-Kilman  Hand  Pump 


e 

Pumping  Depth  to  Water:  61.5' 
Pumping  Rate :  ^  ^  gal/min 


I 


^  6  *L  ^  associates 

a  Cam— «ty  ol  toe— a  aoo/»*.  ^ 

3aC0  vveetDafs  Dnva.  VIc.Mn  v^gmia  22  C2 


DRILLING  LOG 


Project: 


McEntire  ANG 


Owner: 


.  .  o  .  iir 


Wall  Mo. 


MW  4-4 


t  vmaiii  0il  Dul°P  Site 


Safaranca 

Point:  Land  Surface 

Reference 
Po  me 

Elavacion:  264. 41 


See*  N c  .  ;  3 


~  97-104 


Leg  3y:_ 


Rig  Tvpe: 

Total 
Deptn : 


Rick  Hades 
Earl  Moselev 


65.0' 


Drilling  Scarted:  4/15/35  Q727hr 
Drilling  Completed  14/15/85  !  n  Mh  r 
Water  Lave l  46 ' 3LS  4/ 1  3/85  0Q.l2hr 


I 


10 


I 


Qj  ASSOCIATES 


4  Cmw  «#  Tl  f —  iwWW* 

9*00  Wwm rf  nfrv«.  M«U«r.  2102 


DRILL  I^C  LOG 


MW  4-4  (cont , 


l»i  i 


DISGUmOH 


p 

r 

18' 


f  c 

r 


Same  as  above 


SI;  13.5  -  15.0*  3LS _ RE-  1.0' 

_ 1.0*  -  Mottled  yellow  red  (5>r  6/8)  clayey  silt, 

some  sand,  very  firm 


Clayey,  sandy  silt,  red  yellow 


_ .3^ 


RE  :  0 . 3 ' 


0.3'  -  Red  (3yr  5/8)  sandy  silt,  little  clay , 


20'  “I 


Same  as  above 


23.5  -  25.0'  3LS _ RE:  1-5' _ 

0.2'  -  Red  (5yr  5/8)  sandy,  clayey  silt 
1.3'  -  Mottled  yellow  (7.5yr  6/8)  clay,  trace 
sand  and  silt,  firm 


OK  ILL  LHC  LOG 


Jj HUB  ASSOCIATES 

4  C*W MMV  >f  $MM*  4M«caawaL  -"C 

WOO  W**ta*ir  nrrv«.  MCL44IV  Virginia  22502 


— 

ss 

* 

••--3 

F 

Sis  28.5  -  50  ■  Q 1  3T.S  RE:  1-5 ' 


’  -  Moccled  yellow  (lOyr  7/6)  white  (7.5yr  N’8/0) 


and  red  (5R  6/3)  clay,  trace  silt  and 


fine  sand,  firm 


SI:  33.5  -  35.0'  B 


..4'  -  Gray  (5Y  7/1)  and  red  (5R  6/3)  clay, 


trace  silt,  fine  sand,  firm 


E:  1.2' 


1.2'  -  Yellow  (lOvr  7/6)  fine  to  coarse  sand. 


trace  silt,  loose,  dry 


Hit  top  of  clay  layer  at  about  41.5' 


ASSOCIATES 

A  Cam— IT,  at  Ut—em  Aa—caoorx  inc 
MOO  W**tn Aft  °nv*.  McUMfl.  virgins  22102 


QglLLIJKJ  LOC 


.MW  4-4  ( conn  .  ) 


]}]  1 


oescxzmoM 


>3.5  -  45.0-  BLS  be.  i-’Jl - 

1.5'  -  Mottled  red  (5R  6/3)  and  grav_QY_7/l) 
clay,  trace  sand  _ . _ 


Hit  top  of  sand  layer  at  about  46 


.8.5  -  50.0'  BLS 


dulling  log 


JMS  ASSOCIATES 

Commm  9t  UMM9  Ae**»OOfta.  t* c 
3400  w««tMrr  nnv«.  McLain.  Virginia  22102 


Project:  McEntire  A Nfi  3ase 


Drilling  S*m»ry: 


55'  BLS 


Harris  Howard 


-  •  .r;..ars _ 


3orenoie  Diameter,  s  j:  _bW' _ Soil  &  Material  Engineers,  I- 


_  Pig  Type:  CME  5  50 _ 

.  -  151;  gi  ,  ...  Auger 

« ifivic lcn •  w^nc  ^ 7 H  3  j,  •  „  s  /  ■  • 

,  -•  -  .water 

Top  0  f  Casing:  -  ALS _  Cn-.ing  .-.oit  -  >'?e  :  _ 

_  ...  Candace  Nothwanger  ._ -  ...  ^ 

oupervisorv  Geo  .eg  is  t :  a.. .a«. _ 

,  r_35  .  .  33. 35’  BLS 

Log  3ock  No.  2  op.  Water  -eve-: _ 


Log  3ock  No. 


_  Cri-.mg  .ype: _ 

Candace  Nothwanger  .  -s#. 

“77s  "T”  33.35'  BLS 


a  t  e  r 
50  gals 


Well  Design: 

Casing:  Materia.:  Schedule  AO  PVC  Screen:  Materia.:  bc-.eaule  -n  ?-C 

Ciameter:  3"  1C  -  5/16";;  C lame  ter: _ 

•  ngCh; _ 36' _  Slot:  0.015,  ?  slot/inch 

ter:  Material:  Torpedo  Sand  Setting:  3*'  ~  51'  BLS 

_  72'  -  55'  ALS  Bentonite  Pellet 


Cement  Bentonite 

Setting:  ’8 

Seals:  7  v  p  e  :  L  *  L 1 


’  -  '  1  ’  BLS 


8’  BLS 


Steel  casing  concreted  from 


V  OD  < 


land  surface 


lime  Log: 


itarted 

Comp leted 

5  0830  hrs 

3/38  85 

1035  hrs 

5  1100  hrs 

1  33/85 

1530  hr; 

5  33.35’  3LS 

'  1  ■‘*•3 

3  3.11’  HI. : 

Well  Deve lopaenc : 

Method. louipme-ic 


.\j_r-  surge  (  1  nr.* 'I.'1  Brainard- &.i  Iroan  hand  pu.- 


1  tat  it  Ceotr.  ::  Water:  jj.1' 


tin 


iSOC.. 

I  -  jirft"  r  *  *oa*caao*t 
MX  Wwnw  3f|V*-  v'f9lflia  *2-02 

Projacti  McEncire  iMG 


MILLING  ICC 

Offltr:  g.5.  V^r  farce  Vail  No 


Lacac ion :  Site  5 


C- 


Tieii  Bock  ,.0.  .  2 _  :;  4.26 


ndace  Nothwanaer 


Harris  Howard 


Refaranca 


Reference 

Pome 

Elevacion: 


225.94 


Siea  Skaccn 


5  5 '  BLS 


Sac  a 

Drilling  Started:  3/27/85  0820  h 
Drilling  Completed: 3/28/35  1035 
Water  Laval:  3/27/85  33.25 


Legend 

Gradation 

SI: 

Sampling  Interval 

trace  L-12'". 

R£: 

Racovary 

Little  L  2  -  207. 

SS: 

So  lie  Spoon 

DtSCaiTTlQM 

Soma  20-30% 

C: 

Cutting* 

Add  "Y"  >307. 

ULLLIXG  LOG 


jfifos.  ^SSOCIAI  ao 

i  Counmm  t*  Sa***  Aa—teeaewt.  //* c 

400  WMtsarr  nm«.  McUan.  Virginia  22102 


A 

J 

} 

i! 

3 

3 

j 

’ 

ocscximoN 

26 1  - 

m 

» 

Sand  lavsr  begins  at  (3  27'  BLS . 

28  '- 

30' 

SI:  28.5  -  30.0'  BLS  RE:  1.5' 

ss 

#6 

9 

10 

(5YR  8/1);  firm;  dry 

12 

32'  - 

l 

34'  — 

c 

Same  aa  above  , 

SI*  33.5  -  35.0'  31. S  RE:  1.5' 

ss 

*7 

8 

Medium  kaolinitic  sand:  white  i 10YR  8/1); 

L 

t 

i 

■» 

L 

36'  JL 

10 

loose  to  firm:  wet. 

15 

00 

<*0 

Water  Table  at  (3  3  3  ?S'  BT.S. 

’ 

40  ' 

.SI:  38.5-40.0'  BIS  RE:  1.5' 

SS 

*a 

3 

0.4'  -  Coarse  kaolinitic  sand;  white  ( 10YR  8/1); 

15 

loose;  saturated. 

34 

1.1'  -  Fine  to  verv  fine  kaolinitic  sand;  white 

42' 

( 10YR  8/1)  with  pale  red  lamination  (5YR  6/4); 

loose  to  firm;  saturated. 

I 


?a»ej. 


S3  ASSOCIATES 


A  CjnTTT  /«* 

3400  Weatsact  nfiv*.  Mc'-san  Virgin*  2102 


OEILLIKG  LOG 


3-4  j 

}H  ! 


OISdlfTIQH 


Fine  to  verv 


kaolinitic  sand .  3 on 


white  ( 10YR  8/ 1 )  with  pale  red  laminatior 
( 5R  6/4);  loose;  saturated.  _ 


Same  as  above. 


SI;  48.5  -  50.0'  BLS _ RE  ;  \  .  S  ' 

Medium  kaolinitic  sand;  white  ( 10YR  8/1) 
with  pale  red  (5R  6/4)  laminations;  loaae. 
saturated.  _ _ 


Same  as  above 


5) -3  -  ?S,'V  V_S _ 

Fine  micaceous  kaolinitic  sand; 


RE:  I . I  * 


gradational  colour  pale  red  (5R  6/4)  to 
white  ( IQYR  3/1)  and  light  red  (2.5YR  6/6); 
loose  to  firm;  wet. 


^  -  -  ASSOCIATES 

A  Comosny  of  SeittKt  Aaoucsoons.  me. 
s^OO  .vestcar*  Dnve.  Me. am  f.rq ima  22'02 


WELL  CONSTRUCTION  SUMMARY 


Pmitef!  McEntire  ANG  Base 


Owner:  U.S.  Air  Force 


We  i  i  No 


Drilling  Summit: 

Total  Deocn: _ 


55’  BLS 


-n..ers: 


Karris  Howard 


Borehole  Oianecert  s  ) :  6h" 


Soil  &  Material  Enzineers, 


Rig  Type:  CME  55n _ 

Elevation:  Lane  Surface:  223.60  3  j ; ■,  s  .  :  Auge r _ 

Top  of  Casing:  ~  ALS  Grilling  Fluid  Type:  'Water _ 

Supervisory  Geologist:  Candace  Nothwanger  Amount  :.'se:  30  gals _ 

Log  Book  No .  2  pp.  37-63  Water  Level:  ^  BLS _ 


Well  Design: 

Casing:  Material:  Schedule  2Q  PVC  Screen:  Material:  Schedule  cn  ?vc 

Ciameter:  2" _ 1C  2  5/16'*3  Ciameter: _ 2^ _ 

Length: _ 35J _  Slot:  0.015,  5  sloc/inch _ 

Filter:  Material:  Torpedo  Sand  Setting:  32.2'  to  22.5'  BLS 
Setting  29.8'  to  42.8'  BLS _  Seals:  Type:  Bentonite  Pellets 


Setting  29.8'  to  42.8'  BLS _  Seals:  Type:  Bentonite 

Grout:  Type:  Cemenc/3entonite  Setting:  27.8  -  29.8'  BLS 


Setting : 


2.5'-  25.8'  BLS 


iurtaca  .asmg 


asms:  Steel  ( AH"  OD  x 


-.ue.;  Steel  casing  concreted  from  2.5'  BLS  to  land  surface. 


I  iae  Log : 


Started 


Completed 


Or  1 1  ling  : 
Installation: 


3/29/85  0810  hrs 


3/29/85  1120  hr s 


Water  Level  Reading:  3/29/85  32.9'  BLS 


.eve i oonenc 


3/29  /  8  5  1112  hrs 


3 / 2 9  ; 8 5  1603  hrs 


i/1/85 


TO  =  T  ►  P  f 


W«ll  Development: 

Method.  Equipment:  Air  surge  (I  hr.)/1.7"  Brainard-Kilman  hand  pump 

Static  Cep th  to  Water:  32.6'  _ 

Pumping  Cepch  to  Water:  22.0' 

Pumping  Race  :  L  gal  .min _ _ _ _ 

Volume  Pumper:  700  zal 


s 


<-aOaJL  ASSOCIATES 

4  Ca*W«*  9*  SMM*  iflWKMOW*.  "*• 

3400  yy«aar»  3nve.  'rfeween  '■<'<•  <J|(V4  22  02 

Project:  McEneire  ANC  3ase 


DRILL  IMG  LOG 

Own«rs  0.5.  Alt  Force 

r.-icacian:  Site.  5 

C-141  Spill  Trench 


Reference 

Paine:  Land  Surface 

Reference 

Paine 

Eievaeian:  223.60 


Siee  otuccn 


^e  1 1 

? ie la  3ock  Sc .  ^  r:  3 

3v:  ..  Candace  Nothwan 


Driller:  Harris  Howard _ 

*‘«  *yp>:— CME  3  50 _ 

local 

Denen:  55’  BLS _ 

Dece  2_-» 

Drilling  Scarce*:  3/29/85  081 

Drilling  Compl«c>d:3/29/85  111 
Wacer  Level:  3/29/85  32.9 


Ifj 

Jn 


OSTU.lMG  UK 


^Jj ASSOCI A  t  -i 

4  Cammm  9*  Tiurrr  iwUmww  ix. 

3400  Wtgturt  nnve.  McLean.  Virginia  22' 02 


OB ILL INC  LOG 


1 1 

3 

1 

i 

3 

ocscumoai 

SI:  28.5  -  30.0*  3LS  RE:  1.4‘ 

SS 

#6 

4 

Coarse  micaceous,  kaolinitic  sand: 

14 

white  ( 10YR  8/1)  with  liaht  red  (7.5YR  6/6) 

14 

laminations:  Loose  to  firm:  moist. 

■ 

Water  Table  at  ra  33*  BLS. 

51:  33.5  -  35.0'  BLS  RE:  1.0* 

SS 

*7 

1 

1 

11 

Coarse  micaceous,  kaolinitic  sand:  .. 

11 

white (10YR  8/1)  with  lirht  red  ( 7 .  SYR  6/6) 

10 

laminations:  loose:  wet. 

26' 


28'. 


30'  L 


32' 


34' 


36' 


t 

t 

h 


r 

P 

r 

F 


38' 


40'  J*. 


SS 

••/8 


Same  as  above. 


JLi _ 38.5  -  40.  o1  212 


Ml  1.6’ 


Same  as  SS/A7. 


L3 


VELL  CONSTRUCTION  SUMMARY 


5s,  -  *-  ASSOCIATES 

4  Com  oany  oi1  Setose  a  Aooocaoona.  me. 
iAOO  .V«stB4 r*  Of'v#.  McKean  *  fginu  22’C2 


Projecc:  UcF.ncire  ANC  3ase 


Owner:  U ■ 5 .  Air  ~?rce_ 


-e II  No . 


MW  5-  3 


,  .  ?/-  t  .oOCIATES 

>mw«v  of  SotiKi  ijidcmni.  <«C. 

0  <vest04f«  DnvO.  ^cuiir  -  rqmii  Zj. 
Project:  McEneire  ANG  3a sg 


a  ;«RMm  of  to***  aeaocaoo**.  v*c.  ^ 

‘  00  ^Vest84f(  DnvO.  ^C'»oan  -  'gmij  2.  -- 


0«I—  0  LOG 

Owner:  -  ■  5  •  Ur  fere?  Weil  So. 


Location:. 


~  :e  .  i  3ac*  .  :  2  ;; 

--3  3y  :_Candace  Noehva 


”. :  1  < r :  Harris  Howard 


— -i^.T97 


Sica  5*4 con 


HI 

1  ** 


Reference 

Paine  ;  ^and  Surface 

Reference 

Point 

Elevation:  221.09 


Legend 

51: 

Sampling  In 

R£: 

Recovery 

SS: 

Solic  Spoon 

C; 

Cut  t  mgs 

Total 

Saptn;  50'  BLS _ 

Tate  lime 

Drilling  Scarred:  4/1/85  0 92?  hr 

Drilling  Complacad:  4/2/85  1200  hr 
Water  Laval:  4/2/85  30.8'  3LS 


Desaurridi 


Gradation 

Trace  L  -  L  2", 

Little  12-20?. 

Some  20-30*1 

Add  "Y"  *30% 


Sandy  clay;  red  (2. SYR  4/6). 


■K 

-  5.0' 

31 

3  RE  : 

■  HO _ ! 

Sandv  clav,  some  si l 


moist . 


•  race  , 


f i rm  to  3 1 1 


31=  3-5  -  10.0'  3LS _  RF :  1 

Sandv  clav.  some  silt,  trace  travel; 
_ yellowish  red  (SYR  5/8);  firm;  moist. 


QJ  ASSOCIATES 


a  Cimn  a#  jjuirri  <iXcm(it  //*c. 

MO  Wmam  nnve,  McUan.  Virgin*  22102 


obillim:  log 


IJl  1 

}i>  J 


ocscximoM 


si:  L3.5  -  15.0'  3LS 


RJE:  l.V 


£  I  *4 


b 

22 ' 


Medium  silt.  sand,  some  gravel;  red  12.5  YR  4/8) 
Co  yellow  ( IQYR  7/8);  loose;  dry 


Medium  Co  coar3e  3iltv  sand  and  grave  I 


Gravel  layer  ends  at  a  I8.01  3LS . 


18.5  -  20  ■  0 1  BLS _ RE:  1,4' 

Medium  micaceous,  kaolinitic  sand,  some 
3ilC;  mottled  reddish  yellow  ( 7  .  5YR  6/8); 
reddish  yellow  (SYR  6/8),  and  white 
(SYR  8/ 1 ) ;  loose  co  firm;  moist  to  drv. 


Kaolin  beads. 


Medium  Co  coarse,  micaceous,  kaolinitic 
sand;  light  reddish  brown  (2.5YR  6/4) 
and  white  (IQYR  8/1);  Inns?  rn  firm:  mf 


iJJJgU  o:  ASSOCIATES 

4  fiiirgirr  "*  *  “M  «■■**«“*  /ml 
MOfl  WMt&art  nnv«.  McLsan.  Virgin*  22102 


drilling  log 


Si!  48.5  -  50.0'  BLS  re 


Medium  to  coarse  sand:  white  (10YR  8/1) 


and  «rev  (2.5YR  5/0);  wet. 


i  n 

a jjJ  gti  D) 


ASSOCIATES 


A  Company  of  Science  AppAcavona.  Inc. 

8400  WMteark  Onve,  McLean,  Virginia  22102 


Project: 


McEntire  ANG  Base 


WELL  CONSTRUCTION  SUMMARY 
Owner:  L’-S.  Air  Force _  Well  No. : 


O’ 


30' 


Drilling  Simnary : 

Total  Depth:  65.0' 

Drillers:  Earl  Moseley 

3orehole  Diameter( s ) : 

Soil  &  Material  Engineers 

Rig  Type:  CME  550 

Elevation:  Land  Surface:  220. 13 

Bit( S  )  :6"Qp/JkID  Hollow  Stem  Auger 

Tod  of  Casing: 

Drilling  Fluid  Tvoe:water 

Suoervisorv  Geologist:  Rick.  Eades 

Amounc  Use: 80  gallons 

Log  3ook  No.  ^  pp.  1-23 

Water  Level:  41.72'  BLS  (4/5/S5  0820hr 

Well  Design: 

Casing:  Material:  Schedule  40  PVC 

Screen:  Material:  Schedule  40  PVC 

Diamecer:  2  13-  2*t  GD 

9" 

Diameter:  L 

Length:  uu.l' 

Slot:  .015,  5  slot/inch 

Filter:  Material:  Torpedo  Sand 

Secting:  42.7  -  62.7'  BLS  J 

1  Secting:  40.9  -  65.0'  BLS 

Seals:  Tvoe :  Bentonite  Pellets 

Grout:  Tvpe:Port.  Cement/Bentonite 

Secting:  38.0  -  40.9'  BLS 

j  Secting:  2.5  -  38.0’  BLS 

Surface  Casing:  Steel(4i«"OD  x  5  Lt.l 

j  Ocher:  Sfeel  casing  cemented  from 

2  5’  BLS  t.n  land  surf  a.- p - 

a  •  :  •  • 


60’ 


Time  Log: 

Started 

Completed 

Drilling : 

4/4/85  1 305hr 

4/4/85 

1 750hr 

Ins'ca  1  lac  ion  : 

4/5/85  0920hr 

4/5/85 

1530hr 

Water  Level  Reading: 

4/5/85  0820hr  (41. 

7  2'  BLS ) 4/8/85 

(41 .6 'BLS ) 

Development  : 

Weil  Development: 

Method/ Equipment :  Air  Surgc(lhr)/1. 7"  Brainarri-Kilman  Hand  Pumpj 
Static  Depth  :o  Water:  41.7' _ _ 


Pumping  Depth  :o  Water:  62.2’ 

Pumping  Rate:  1  gal/min. 

Volume  Pumoec 


310  gals.  &  100  gals. 


80 


^  e w  2:  associates 

a  Comoan v  o«  Soane*  Aooneaoont.  me.  ^ 
WOO  VVeetpjf*  Driv«.  ^cjin  j  rgiPiu  22  12 

Project:  McEntire  ANG  Base 


OR  ILL  INC  LOG 

Owner:  ■  3  •  Air 


r.^raeian:  Unofficial 

Dump  Site 


Reference 

Point :  Land  Surface 

Reference 

Paint 

Elevation:  220.13 


Well  No. :  MW  6-1 

Field  Been  N.~ .  ; 

3v  : 


w r 1 1 . e r ;  Earl  Moseley 
Rig  Type:  c.'iE  a-q 
Total 

C«pcn: _ 63.0' 

D«( 

Drilling  Started:  4/4 
Drilling  Completed^/ 


site  ok* ten 


Water  Level: 


4/5/85  0820 


H} 


Legend 

SampLing  Interval 
Recovery 
Solit  Spoon 
Cut :  mgs 


DESCRIPTION 


Gradat  .on 

Trace  l-l  2", 
Little  12-20’', 
Some  20-30% 
Add  "Y"  30% 


5.0'  3L5  .  . 


1  -  Reddish  vellow  (7.5  vr  5/8 


clayey,  some  silt,  loose 


Reddish  brown  siltv,  clayev  sand 


Reddish  yellow  (10  vr  6/8  to  10  yr  5/8)  clavev 


silt,  some  sand,  loose  to  slight!1 


poorly  sorted 


I 


iUMB  ASSOCIATES  DULLING  LOG 

I  Comma*  of  So mam  OmOeoamt.  /ne 

¥30  Wests* Y  ^nv*.  McLean.  Virgins  SI 02 


MW  6-1  (Cont.  ) 


1 

J 

1 

!! 

3 

3 

i 

| 

i 

1 

ocsciimoif  | 

i 

10'  _ 

c 

l 

12'  - 

! 

I 

1 

SI:  13.5  -  15.0'  BLS  RE:  1-5’  ] 

12 

1.5'  -  Reddish  yellow  (7.5  vr  6/8  m  7  s.  ->lg.  s/tn - 1 

14  «_ 

1  A  » 

ss 

?/3 

18 

fine  to  medium  sand,  silty,  firm  ! 

11 

1 

c 

1 0 

18  ’ 

Light  brown  silty  sand,  little  clay. 

SI:  18.5  -  70.0'  RTS  _  -_E =  1 • 5 ’  ,  ,  j 

20' 

1  I  1  1  1  1  1  1  LI 

1  5<  _  Mottled  reddish  brown  (5  yr  ^/6)  and  light 

ss 

*4 

14 

yellow  (10  yr  7/6)  silty  sand,  little  clay 

16 

firm  to  stiff 

19 

22 ' 

• 

m 

• 

c  . 

Silty  sand,  trace  gravel 

24 ' 

* 

• 

- 

I 

SI:  23.5  -  25.0'  BLS  RE:  1.5’ 

ss 

#5 

14 

1.5’  -  Yellow  brown  (.ICyr  6/6)  fine  to  medium  ^and. 

!  26' 

16 

some  silt,  trace  clay,  loose 

17 

Pass  2  o £  q 


si)  iSii ASSOCIATES 

4  ComMMy  S«*W  *«**e*8o«. "•«. 
a«00  Wwaift  nnv*.  McUttfl.  Virgin'*  22.02 


QEIU.INC  LOG 


milling  log 


'iSiiio; 


ASSOCIATES 


A  Compcnr  of  Some*  Am* ciww  Inc. 

3400  Weetoar*  Onve.  Mclmd.  Virginia  22102 


Pro iect: 


McEncire  ANG  Base 


WELL  CONSTRUCTION  SUMMARY 


Owner:  u-s-  Air  Force 


,  ,  U  MW  6-2 

>11  No .  : - i— T 


Drilling  Sumury: 

local  Deoch:  53.2' _  Drillers:  Earl  Moseley _ 

Borehole  Diameter(  s ) :  6%"  Soli  6  Material  Engineers _ 

Rig  Type:  CME  550 

Elevacion:  Lana  Surface:  210.35  3i:(s):  Hollow  Scem  Au8er _ 

Top  of  Casing :  Drilling  Fluid  Tvpe:  water _ 

Supervisory  Geoiogisc:  Rick  Eades _  Amount  Use:  7  gallons _ _ 

Log  3ook  No .  3  pp.  37-49  Wacer  Level:32.9'  BLS  (4/9/85  1601hr 


Drilling  Fluid  Type:  water _ 

Amount  Use:  7  gallons 


Well  Design: 

Casing:  Macerial:  Schedule  40  PVC  Screen:  Material:  Schedule  iO  ?VC 
Diameter:  2"  ID-  2%  QD  Diameter: _ 2 _ 


Length:  35.2' _  Slot:  -015,  5  slot/inch _ _ 

Filter:  Material:  Torpedo  Sand  Setting:  33-2  ~  53-2'  BLS _ 

Setting:  30.7  ~  53.2'  BLS _  Seals:  Tvpe:  Bentonite  Pellets _ 

Grouc:  Type:Port.  Cenent/Bentonite  Setting:  28.7  -  30.7'  BLS _ 

Setting:  2.3-  28.7'  BLS _  Surface  Casing:  Steel(4Y'0D  x  5'Lt.) 

Other:  Water  used  during  installation  to  hydrate  bentonite  pellets. _ 

Steel  casing  cemented  from  2. 5 'BLS  to  land  surface. 


Time  Log: 


Started 


Completed 


Dri 1  ling  : 

Inscal Lacion : 

Wacer  Level  Reading: 
Development  : 


4/9/85  1440hr 

4/10/85  0740hr 


4/9/85  1 745hr 

4/10/95  1212hr 


4/9/85  1601hr  (32.95’BLS)  4/10/85  1211hr  (32.4'BIi 


Well  Development: 

Mechod/Equipmenc :  Air  Surge(lhr)/!. 7"  Brainard-Kilman  Hand  Pump. 

Static  Depth  to  Water:  32.8' _ _ _ . 

Pumping  Depth  to  Wacer:  52.8' _ 

Pumping  Race:  g  1  gal/min. _ _ _ 

Volume  Pumoec:  300  gals. 


V  -  f  -  C~.  ASSOCIATES 

4  a*  Scttnc*  Aooiicaocrts.  i*c.  ^ 

5*00  vVeetoaf*  Onve.  Mcnan  vrqima  C2'C* 

Project:  McEncire  AMG  3a se 


OR ILL  IMG  LOG 
Owner:  ■  3  •  s.’- ' 


Weil  Mo.:  MW  6-2 


Locac ion:  Unofficial 
Dump  Site 


Reference 

fame ;  Land  Surface 

Reference 

Point 

Slevacion:  210.35 


Field  3cc<  No..-  3  ::  37-69 

Leg  3v:  Rick  Eades 

Rig  Type:  CME  s so  _ 

Total 

Oeptn:  58' _ _ 

Date  T_re 

Drilling  Started:  4/ 9/85  144Q  h 

Drilling  Completed:  4/9/8S  was  h 

Water  Level:  32.9'  4/9/85  1601  ■ 

BLS 


n '  - 

r 

i 

i 

1? 

* 

j 

3 

Legend  Gradation 

SI:  Sampling  Interval  Trace 

R£:  Recovery  Little  ’^-20% 

SS:  Split  Spoon  DESCRIPTION  Some  '0-30T, 

C:  Cuttings  Add  "Y"  30% 

• 

->  t 

| 

SI:  3.?  -  5.0'  3LS  RE:  1-3'  1. 

t  1 
-A 

ss 

8 

f 

0.4'  -  Brown  (7.5  vr  4/4)  silt,  trace  clav 

• 

• 

•■--1 

8 

0.5’  -  Mottled  brown  (7.5  yr  6/8)  clay  | 

10 

0.4’  -  Pink  (5  yr  5/4)  clavev  silt,  firm  J 

: 

6'  - 

| 

: 

r 

[_ 

1 

: 

c 

Pinkish  brown  silt,  some  sand  * 

8  '  ^ 

1 

: 

SI:  8.5  -  10. O'  3LS  FF  •  1.5'  W 

* 

. 

m 

ss 

19 

1.5'  -  Reddish  brown  (5  yr  5/8)  siltv  sand,  some  J 

: 

«2 

19 

coarse  sand,  trace  angular  quartzitic  gravel,  | 

10'  . 

t _ 

18 

firm  j 

1 

OBIU.IMG  LOG 


ASSOCIATES 

A  Cammed  Smm  4«*fc4«w*.  lnC- 


3400  Wwmi>  rtnv*,  McUan.  Virginia  22.02 


MW  6-2  (Cont . ) 


1M 

ill 


oEsanmoN 


SI:  28.5  -  30 . 0  '  5LS _ RE 

1.5'  -  Light  yellow  brown  (10  vr  7/8] 
some  silt,  very  loose,  moist 


Same  as  above. 


sp.  ]  4  ' 

33.5  -  35.0'  3LS _  ‘  ' 

1.4'  -  Pale  vellow  ( *0  yr  7/6)  medium  ti 
sand,  some  gravel,  loose,  wet 


Dame  as  above 


r 

40 '  ^ 


..  i 

3S 

6 

■A  8 

13 

19 

c 

Hit  top  of  clay  layer  at  approximately  38.0' 

dp  ■  1.4' 

ST:  IS.S  -  40.  n'  ~US  _ _ _ 

1.41  -  White  (7.5  yr  7/2)  kaolonitic  clay,  firm 


Hit  top  of  sand  layer  at  approximately  41.0’ 


OR ILL IMG  LOG 


qJj  Jail  55  associates 

4  Company  of  Scionco  Aopucaoam.  Inc. 

3400  Westoark  Onve,  VIcLaan.  Virginia  22102 


WELL  CONSTRUCTION  SUMMARY 


Project:  McEntire  ANG  Base 


Owner: 


' . S .  Air  Force 


Well  No. 


.  MW  6-3 


Drilling  Sianary: 

Total  Depth:  49.0* _ 

3orehole  Diamecer(s): 


Elevation:  Lana  Surface: 


206.98 


Drillers :  Earl  Moseley 
Soil  &  Material  Engineers 

Rig  Type:  CME  550 _ 

3ir(s).  Hollow  Stem  Auger 


Top  of  Casing:^ _ _  Drilling  Fluid  Tvpe :  water _ 

Supervisory  Geologist :  _____  Amount  Use:  2.5  gallons 

Log  3ook  No .  3 _  pp .  23-37  Water  Level:  28.6*  BLS  (4/8/85) 


Well  Design: 

Casing:  Material:  Schedule  40  PVC  Screen:  Material:  Scnedule  ^0  ?’.C 

Diameter :_ _ 2 _ ID-  2*t  pp  Diameter:  - _ 

Length:  31.0’ _  Slot:  .015,  5  slot/inch _ 

Filter:  Material:  Torpedo  Sand  Setting: 2^^0^^^49^»0  __  BLS 

Secting:  25.9’  -  49.0’BLS _  Seals:  Tvpe:  Bentonite  Pellets 

Grout:  Type:Port-  Cement/Bentonite  Setting:23.9  -  25.9  BLS _ _ 

Setting:  2.5-  23.9'  BLS _ _  Surface  Casing:  Steel (4Y'0D  x  5'Lt 

Other:  Used  2.5  gallon  of  water  to  hydrate  bentonite  pellets. _ 

Steel  casing  cemented  from  2.5'  BLS  to  land  s art ace. 


Time  Log: 


Drilling: 

Ins'tallacion: 

Water  Level  Reading: 
Development  : 


Started 


4/8/85  1330hr 


Completed 


4/8/85  1618hr 
4/9/85  1131hr 


4/9/85  0714hr _  4/9/85  1131hr _ 

4/8/85  1435hr  (28.6'BLS)  4/9/85  0935  (28.6'BLS) 


Well  Development: 

Method/  Equipment  .-Air  Surge(lhr) /l.  7"  Brainard-Kilman  Hand  Pump. 

Static  Depth  to  Water:  28.6' _ _ _ _ _ 

Pumping  Depth  to  Water:  48.5’ _ _ _  - 

Pumping  Race:  3  1  gal/min. _ _ _ 


1 oal c 


80' 


-  f.  -  S)  ASSOCIATES 

A  Ca**oA*v  o*  Aoeiicsaors  ir*.  ^ 

3400  We* tpau  3n*e.  ^CUMP  v'S'"1*  2*3* 

Project:  Me  Entire  A.VG  3asa 


OR ILL  IMG  LOG 


Owner:  -  ■  ;  ■  a L  r 


Well  No.: 


MW  6-3 


Site  oKACzr, 


?  ii-aticn:  Unofficial 
Dump  Site 


Reference 


P 


Reference 

Point 

Elevation:  206.98 


':eld  Bock  Nr , : 


2.3-61 


Rick  Eades 


tarl  Moselev 


Rig  Tvpe :  CME 


Drilling  Started:  4/8/85  I330'nr 
Drilling  Completed:  4/8/85  1618hr 
water  -eve  L  28.6  'BLS_  4/8/8  5  U3Vnr 


Legend 

Sampling  Incerval 
Recove  ry 
Solic  Spoon 
Cut :  mgs 


Light  browr 


DCSCXimON 


Cradat  ior. 


Trace 
Little 
Some 
Add  "Y" 


12-  £07. 
20- 30" 
30% 


3.?  -  5.0'  31 


1.3' 


.6'  -  Reddish 


'  7 . 5vr  S  y 


Medium  to  coars 


Same  as  above 


■ 


3.5  -  10. O'  3L3 
0-3'  -  Brownish 
0.4'  -  Reddish  i: 


_ RP:  1-3'  .. 

IQvr  5/2)  silt,  some 


0.6'  -  Yellow  ( LOvr  7/8)  fine  to  medium 


Of  ILL  INC  LOG 


mm  ASSOCIATES 

A  "trir— rm  «t  Jmm*  Waff*.  it* 

MO  Weataarr  nflva.  McUan.  Virgmi#  22102 


MW  6-3  (cone . ) 


t  n  * 

J 

i 

ii 

3 

3 

j 

j 

i 

Dfsamion 

■ 

* 

■ 

! 

* 

c 

Same  as  above 

12'  - 

14' 

r 

1 

SI:  13.5  -  15.0'  3LS  RE:  1>4' 

ee 

4 

0.8'  -  Yellow  brown  (lOyr  6/8)  fine  to  coarse  sand,  trace  silt 

16' 

J  J 

J*3 

2 

0.6'  -  Mottled  pink  17. Syr  6/2)  and  tan  (7.5yr  8/6) 

4 

kaolinitic  clay,  some  sand,  firm  1 

c 

1 

u 

t 

h 

r 

Tan  to  pink  fine  to  coarse  sand 

13'  P 

Sit  13.5  -  20.0'  RI.S  RE:  -1,3'  - 

1  1  -•  1  ■  | 

O 
<■  1 

0.6'  -  Yellow  brown  (lOyr  6/8)  fine  sand  and  silt,  trace  rlav 

i  3S 
•'■4. 

0.9'  -  Pinkish  brown  (5vr  6/8)  fine  sand,  loose 

4 

4 

P 

_E_ 

c 

■ 

Pinkish  brown  sand 

l 

2,  I 

SS 

2 

SI:  23.5  -  25.0'  BLS  RE:  1.4' 

E  "5 

4 

0.3’  -  Mottled  yellow  brown  (7.5yr  7/6)  clayev  silt,  trace  sa.,d 

1.1'  -  Yellow  (lOyr  6/6)  fine  to  coarse  sand,  trace  gravel 


SS 

*5 


-> 


V J J  *  u  0;  ASSOCIATES 

"amm nr  8#  Sawtw  "k. 

400  W«nsaft  nny«.  McLun.  Virginia  22'02 


OR ILi- IMG  LOG 


-jjJ  6-3  (cont.) 


SS  , 

>A6  I  2 


RE:  1-5' 


0.2'  -  Reddish  yellow  (7.5yr  6/8)  fine  sand,  some  silt 


trace  clay,  dry  _ 


-  Light  yellow  (lOyr  7/8)  fine  to  coarse  sand,  wet 


SI:  33.5  -  35.0'  3LS  RE:  1-1' _ 


ow  (lOyr  6/6)  coarse  to  medium  sand, 


some  gravel,  semi-rounded  quartz  pebbles. 


very  loose 


Gravel  layer  from  35.0-36.0' 


Coarse  to  medium  sand 


SS 

6 

•"8 

6 

15 

0.2'  -  White  (IQyr  8/2)  kaolintic  clav>  some  sand 


0.8'  -  Yellow  (LOyr  6/8)  coarse  sand  and  gravel .  som 


0.1'  -  White  (lOyr  8/2)  kaolintic  clay,  .  . 


QJJ  JelU  0)  ASSOCIATES 

a  Cemmm  a *  Ininn  itnKWow,  /*c 
3400  w««ta «rr  nnv«.  McLwn  Virginia  2102 


drilling  log 


_MW  6-3  (cone ■ ) 


l]j  I 

jll  | 


DESCXIFriOM 


44 '_L  SS 

L  *9 


SI:  43. S  -  4S . O'  3LS 


..  1.0' 


1.0'  -  White  (10yr  8/2)  coarse  sand,  trace  fine  sand  and 
silt,  loose 


^  j  au  0:  ASSOCIATES 

A  Contour  o*  Seance  AppAcooons.  Inc. 

3400  Wettpark  Drive.  McLean.  Virginia  22102 

Project:  McEntire  ANG  Base 


BORING  LOG 

Owner:  L' ■  S  .  Air  Farce 


Locac ion : 


Field  3ock  No.:  ^  pp  18-?? 
Log  By :  Candace  Nothwanger 
Driller:  Harris  Howard 
Rig  Type:  CME  550 


15.0'  BLS 


Legend 

Gradation 

SI: 

Sampling  Incerval 

Trace 

1-127. 

R£: 

Recovery 

0BSQIPTI0N 

Little 

12-207. 

SS: 

Split  Sooon 

Some 

20-307. 

C: 

Cute ings 

Add  "Y" 

>307. 

SI: 

0.0-2. 5'BLS 

0.0-0. 5' -Silty  sand;  black;  hydrocarbon  odor 


0.5-2. 5' -Sandy  silt,  some  clay;  red(2.5YR  4/8) 


Red  clay  layer  begins  at  approximately  2. 5 ’BLS. 


LS  RE :  0 . 5 ' 


IV.  some  sand  and  silt;  major  color  is  red(2.5YR  4/8)  but 


tied  yellow (10YR  7/8)  to  brownish  yellowdOYR  7/8)  ; _ 


oist  to  d 


Page  1  o 


■l. 

m 

WELL  W2 


lelow  Surface 


lescrlotlon  of  Subsurface3 


0-20 

20-50 

50-60 

60-65 

65-70 

70-80 

80-85 

85-90 

90-110 

110-120 

120-145 

145-149 

149-160 


Sandy  red  clay 
White  clay 
Hard  red  sand rock 
Red  sandy  clay 
White  sand,  some  clay 
Red  sand,  some  clay 
Red  clay,  traces  of  sand 
Red  sand,  traces  of  clay 
Fine  reddish  sand 
Hard  red  clay 
Dark  brown  clay 
White  clay  and  sand 
Soft  white  sand 


a  -  Description  from  Layne  Atlantic  Company,  drillers. 


^  ASSOCIATES 

4  Cam oany  9/  Satnca  Aooucsootn.  in c 

3*00  <v«s:3ar*  Cnv«.  Uciaan  Virginia  22'C2 


WELL  CONSTRUCTION  SUMMARY 


Projacc;  McEntire  ANO  Bas^e^ 


Owner:  -  ■  5  .  Air  F c r c e . 


•€ 11  MO . : 


my;  1  _  i 


Orilling  Si^Bary: 

.  63.5’  BLS 


Borehole  3  vane  can  »  )  :  6H" 


Harris  Howard 


Soil  &  Material  Engineers,  Inc. 


_ _  Rig  Type:  CME  5  50 _ 

Elevation:  Lane  Surface:  234.61  3i:'  s ) :  Auger,  Tricone  Roller  Bit 


Top  of  Casing: 


drilling  Fluid  Type  :  Bentonite/ V.'att 


Supervisory  Geologist :  Candace  Nothwanger  Amount  Use :  200  gals . 
Log  3ock  No .  ^ _  op.  63-100  Water  Level:  40.4'  BLS _ 


Veil  Design: 

Casing:  Material:  Schedule  4Q  ?VC  Screen:  Material:  Schedule  4n  a 


Lengt 


0.015,  5  sloc/inch 


I  Lae  Log : 


Drilling : 
Installation : 

Water  Level  Reading: 


ueve  iooment 


Started 


4/11/85  0734  hrs 
4/12/85  0947  hrs 


k/ 12/85  40.4'  BLS 


Completed 


4/12/85  0945  hrs 
4/12/85  1208  hrs 
4/17  35  41’  BLS 


e  o  ?  ei 

•/.Vs 


Filter:  Material:  Torpedo  Sand  Setting:  40.4'  -  60'  BLS  1 

Setting  38.4'  -  60'  BLS _  Seals:  Tvpc :  Bentonite  Pellets  1 

Grout:  Type:  Cement /Bentonite  Setting:  36.4'  -  38.4'  BLS _ . 

Setting:  2.5'-  36.4’  BLS  S-rtace  Casing:  Steel  (4k"  OP  x  -  | 

Other:  Steel  casing  concreted  from  2.5'  BLS  to  land  surface. 

Drilled  down  to  60'  BLS  using  augers  and  completed  well  using  mud 


rotary.  _ 


Well  Development: 

Method/ Equipment :  Air  surge  (1  hr.)/ 1.7"  Brainard-Kilman  hand  pump. 


Static  Depth  to  Water:  40.3' 


Pumping  Depc.n  to  Water: 

Pumping  Race:  j  1  gal/min 
:  1050  gals 


,  f.  -  51  ASSOCIATES 

A  at  Smmi  Aovcaaon t.  tnc. 

J400  Weetsar*  Drive.  ^cmn  v^ima  22*C2 

Project:  ^Entire  ANG  Base 


DULL  INC  LOG 


Ohmc:  'J.S.  Air  Force  Well 


rogation:  Site  1 
Fire  Training  Area 


Reference 

Point:  Land  Surface 

Reference 

Point 

Elevation:  234.61 


Field  Book  Nc.;_4 _ pp  63-96 

Log  3v :  Candace  Nothwanger 


Driller:  Harris  Howard 

Rig  Type:  CME  S5D _ 

Total 

Depth:  63.5'  BLS _ 


Drilling  ScartedA/11/85  0734hrs 
Drilling  CompleceC: 4/12/85  0945hr 


'Water  Level: 


4/11/85  1200hrs 


40.4'  BLS 


OJ  ASSOCIATES 

a  Cmmm  #  %mmm  Am*m**m.  iml 
9400  Weetoarr  Mclawv  Virginia  22102 


0K1LLIKG  LOG 


10' 


I 


at 


n 


3 

3 

j 


OKSCXimOM 


12' 


14- 


16' 


18' 


SS 

'A3 


20' 


24’ 


SS 

«4 


SS 

*5 


10 


12 


11 


Sandy  clay  layer  begins  at  @  13.0'  BLS 


15 


SI: 


13.5  -  15. O1  BLS 


1.1’ 


Sandy  clay;  some  silt;  trace  gravel:  mottled. 


yellow  ( 10YR  7/8)  and  red  (2.5YR  5/8);  firm  to 


stiff;  dry. 


SI:  18.5  -  20.0'  BLS 


L-LL 


Sandy  clay,  some  silt;  mottled,  red 


yellow  ( 10YR  7/8);  firm;  dry. 


Clay,  some  sand,  trace  silt  and  gravel;  dry. 


Gravel  layer  begins  at  i?  24'  BLS . 


SI:  23.5  -  25.0'  BLS 


RE-  1-5’ 


0.5'  -  Clayey  sand;  brownish  vellow  (10YR  6/8):  Loose  m 


firm;  moist. 


Q.5'  -  Clayey  3 and;  white  (10YR  8/1)  with  light  red 


(2. SYR  6/8)  laminations;  loose  to  firm;  moist. 


0.5'  -  Micaceous  sand,  some  gravel,  trace  clay;  white 


(10YR  8/1);  loose;  moist. 


U 

I 


I 


1 


I 


Pa«a  2  jf  5 


26' 


ASSOCIATES 

a  M armor  *  Sme***  '«* 

MO  WMturt  nrrv«.  McUan.  Virginia  22102 


OBILLIKG  LOG 


ocscximoM 


Medium  Co  coarse  sand,  some  gravel  and 


white  (10YR  8/1)  and  light  red  (2. SYR  6/8);  loose 


to  firm;  moist. 


ss 

3 

3 

3 

Clayey  sand,  some  gravel;  white  ( 10YR  8/1)  and 


light  red  (2.5YR  6/8)  with  red  (2.5YR  5/8) 


laminations;  loose  to  firm;  moist. 


Gravel  layer  ends  at  @  35.0'  BLS 


Very  fine  sand  layer  begins  at  @  38'  BLS 


1 

SS 

6 

•A8 

12 

17 

Very  fine  micaceous  3and,  some  clav;  white 


( 10YR  8/1);  loose  to  firm;  moist. 


Water  Table  at  @  40.4'  BLS . 


?aga  3  cf_2 


rai.il 


SJJJflU  0 j  ASSOCIATES 

A  (4MMV  9*  IllI  TT  AmtttaMM.  It*. 

3400  WwtMrfr  nnve,  Mcuan.  Virginia  2! 02 


OK  ILL  INC  LOG 


OKSCHmOK 


Medium  micaceous  sand,  some  clay;  white  (10YR  8/1) 


with  red  (2.5YR  5/8  to  2.5YR  4/8)  laraioacions 


loose;  saturated. 


48.5  -  50.0'  3LS  RE:  l-5 _ 


Medium  micaceous  sand,  some  clay;  white  ( 10YR  8/1); 


loose;  wet;  grading  into  fine  to  medium  micaceous 


sand,  some  clay;  white  ( 10YR  8/1)  with  pale  red 


(10R  6/4)  laminations;  loose  to  firm;  moist. 


Pine  to  medium  micaceous  sand,  some  clay; 


yellow  (2.5YR  7/8);  loose  to  firm;  moist  to  wet. 


Page  4  jf 


Dt ILL INC  LOG 


iJMS  ASSOCIATES 


-»  Csmmmrr  t*  Smimm  4mM«m  t* 

4*00  Wastes*  r'nv*.  Mclaan.  virgin*  221 02 


•38' 


70' 


72' 


74' 


3 


I 

j 


7 

8 
14 


otsatxmoM 


SI:  58.5  -  60.0'  BLS 

_ Unable  to  take  sample  due  to  heaving  sand. 

_ (Fill  In  augers  same  as  SS  #17).  _ 


Fine  Co  medium  sand,  some  clay;  vet. 


v 


SI:  62  -  63.5'  BLS _ RE:  1.4'  _ 

Very  fine  micaceous  kaolinitic  sand;  white  ( 10YR  8/1); 
loose  co  firm;  moist. 


Note  -  Overdrilled  (32'  to  allow  room  for  sands  to  heave. 


QJj  i UU-O)  ASSOCIATES 

A  Camosry  of  Science  Apouciaons.  Inc. 

MX  vVestoarx  Drive.  Me -flan.  Virginia  22102 


WELL  CONSTRUCTION  SUMMARY 


Project : 


McEncire  ANG  Base 


Owner 


.  L’.S.  Air  Force 


Well  No 


Drilling  Smary: 

local  Peach:  ^0 

lU1 

3orehole  Piamecer( s ) :  0 1 


Drillers :  Earl  Moseley 
Soil  &  Macerial  Engineers 


Rig  Type:  CME  550 

Eievacior.:  Lana  Surface:  233.40  aids::  Drag  and  Hollow  Stem  Auger, 

Top  of  Casing:. _  Drilling  Fluid  Type:  water -  . 

Supervisory  Geologise:  Rick  Eades _  Amcunc  Use:  140  gallons _ 

Log  Book  No .  3 _  pp.  61-72  Wacer  Level :  40.5'  BLS _  . 


Well  Design: 

Casing:  Macerial:  Schedule  -VO  PVC  Screen:  Macerial:  Schedule  ->J  ?  ■  -  _ 

Diamecer:  2" _ ID-  2^"  CD  Diamecer: _  2" _ 

Length :  42.5'  Sloe:  .015,  5  slot/ inch 

Filter:  Macerial:  Torpedo  Sand  Secc mg:  40-5'  ~  60  -1'  BLS _ 

Seccing:  38-5  ~  60.1’  BLS _  Seals:  Tvae:  Bentonite  Pellets 

Grout:  Type :Por c .  Cenent/Bentonite  Setting:  36.5  -  38.5'  BLS 
Setting:  2.5  -  36.5'  BLS _ _  Surface  Casing:  Steel(44"0D  x  5'Lc  _ 

Other:  Drilled  to  24’  using  mud  rocarv  method,  drilled  from  28'  co 
depth  using  auger  method,  steel  casing  concreted  from  2.5  BLS  to _  _ 


land  surface. 


Time  Log: 


Drilling 


mscai  .at  icr. ; 


Started 


4/11/85  1616hr 

4/12/85  iOOOhr 


Completed 


4/12/85  0949hr 

4/12/85  1240hr 


Water  Level  Reading: 
Development  : 


4/12/85  0901hr  (40 . 5 ' 3LS)4/ 12/85  1250hr(40. 


Well  Development: 

Method/  Equipment :  Air  Surge/ lhr) / 1 . 7  Brainard-Kilroan  Hand  Pump. 

Static  Depth  co  Wacer:  42.2' _ _ _ . 

Pumping  Depth  cc  Wacer:  59.6 _ ___ _ 

Pumping  Race  :  '?  1  gal/min. _ _ _ 

c:  725  gals. 


Saple  Type 


U)  JdU  OO  ASSOCIATES 

A  Caammf  « i  Jmim  Amdetaom.  i» c 

MO  WMt&wt  «nv#,  McUan.  Virginia  22' C2 


DRILLING  LOG 


MW  1-2  (cont.) 


Same  as  above 


14.0  -  15.5’  BLS 


RE:  0.9’ 


0.9'  -  Mottled  red  (5YR  7/8)  clayey  silt  with 


disseminated  yellow  (10YR  7/6)  coarse  sand, 


Hit  gravel  layer  form  L8.0  -  19.0’ 


19.0  -  20.5'  BLS 


RE:  1.0’ 


0.2'  -  Red  (5YR  7/8)  silt  and  clay 


0.2’  -  White  (1QYR  8/1)  coarse  sand  and  gravel 
0.6'  -  Yellow  red  (SYR  7/8)  coarse  to  medium  sana, 


some  silt,  firm 


Red  silc  and  clay 


Gravel  layer  at  23.0’ 


SI:  24.0  -  25.5’  BLS 


0.4’  -  Red  (5YR  6/8  to  SYR  7/6)  silty  clay  with 


gravel,  firm 


0.4’  -  Red  (SYR  5/6)  silty  sand,  some  clay,  firm 


2 


ASSOCIATES 


C — sin  9*  Tiinrirr  ifUfei tram.  /"ft 
400  WtUMft  «nv*.  Mcusn.  Virgin*  22102 


OH ILL IMG  LOG 


26 


28' 


30' 


32' 


34' 


36' 


38' 


40' 


42' 


MW  1-2  ( cont . ) 


1 

■4 

1 

H 

3 

3 

j 

OKSCXimOM 

' 

C 

Reddish  brown  silt  and  clay 

SI:  29.0  -  30.5'  BLS  RE:  1.4' 

ss 

«6 

10 

0.5'  -  Reddish  brown  (5YR  5/8)  clayev  silc.  firm 

9 

0.9'  -  Yellow  brown  (10YR  7/8)  coarse  to  medium 

7 

sand  and  angular  gravel,  loose 

c 

Yellow  coarse  to  medium  sand  and  gravel 

T 

T 

p 

SI:  34.0  -  35.5’  BLS  RE:  1.4' 

5 

1.4'  -  Pinkish  yellow  (5YR  7/6)  fine  to  medium 

ss 

7 

sand,  some  gravel,  little  clay  in  matrix. 

- 

v  7 

4 

loose  to  firm 

" 

c 

Gravel  layer  form  37.0  -  37.0',  otherwise  interval 

composed  of  pink,  sand,  little  clav 

SI:  39.0  -  40.5'  BLS  RE:  1.4' 

ss 

#8- 

12 

1.4'  -  Pinkish  white  (5YR  8/2)  fine  to  medium 

18 

sand  with  some  kaolinitic  clay  in  matrix. 

22 

firm,  slightly  damp 

ASSOCIATES 


4  Camm m  o*  Imm*  iMKiNM  '"c 

MO  ^wu ir  *nv*.  Mctaan  Virginia  22’02 


OllLLIW:  LOG 


MW  1-2  (cone.) 


4^ 

| 

1 

II 

3 

3 

i 

s 

OESCUFTiaM 

: 

» 

* 

Fine  co  medium  sand  and  silt 

SI:  44.0  -  45.5'  BLS  RE:  1.5' 

tm 

5 

0.4'  -  Pinkish  red  (5YR  7/6)  fine  to  medium  sand 

SS 

7 

some  silt,  trace  clay,  loose  to  firm,  moist 

#9 

12 

1.1'  -  White  (10YR  8/1)  clayey  silt,  some  fine 

c 

3and,  firm 

m 

» 

m 

r 

Pinkish  white  fine  sand  and  silt,  clayey 

r 

: 

SI:  49.0  -  50.5’  BLS  RE:  1.5' 

r 

; 

- 

SS 

••no 

8 

0.5’  -  Pinkish  white  (5YR  7/4)  silty  clayey  sand 

10 

1.5'  -  Yellow  brown  (10YR  8/4)  silty  sand,  little 

E 

14 

clay,  firm,  wet 

c 

Yellow  silty  fine  sand,  trace  clay 

P 

r 

: 

: 

: 

SI:  54.0  -  55.5'  BLS  RE:  1.3' 

h 

(- 

»» 

c 

i 

SS 

m 

5 

0.5'  -  Whitish  brown  (10YR  8/4)  silty  clay 

12 

0.8'  -  Yellow  ( 10YR  6/8)  poorly  graded  coarse 

16 

to  medium  sand,  some  fine  sand,  silt  and  j 

c 

clay,  firm 

a 

L 

1 

Yellow  brown  silty  sand,  little  clay  1 

. 

! 

53' 


.  Jf]  SuQj  ASSOCIATES  qiilung  log 

a  Ctmmmff  st  Sutmm  tarn Kiwwt  i<* 

MO  Wwwr  «ny*.  McUmh.  Virgin  22102 


WELL  CONSTRUCTION  SUMMARY 


W  i.Clti  QJ  ASSOCIATES 

A  Comoatiy  of  Sctonct  AooAeaaona.  me. 

3400  WettoarK  Drive.  McLean.  Virginia  22102 


Project:  McEntire  ANG  Base 


Owner:  ,J-S-  Air  Forc^- 


We  1 1  No .  : 


Drilling  Siaaary: 

Total  Depch:  60' _ 

Borehole  Diameter!  s )  :  6^" 


Drillers :  Earl  Moseley 
Soil  &  Material  Engineers 


Rig  Type  :_CME  550 

Elevation:  lane  Surface:  233.0q"  3it(s):  Hollow  Stem  Auger - 

Top  of  Casing: _ Drilling  Fluid  Type  :  water _ 

Supervisory  ideologist:  Rick  Eades  Amounc  L  se :  10  gallons 

Log  Book  No.  3 _  pp .  73-83  Water  Level:  40.2'  4/13/85  (Q/02hr; 


60.0’  BLS 


5  slot/inch 


60.0’  BLS 


Seals:  Tvpe :  Bentonite  Pellets 


-  38.4'  BLS 


Time  Log: 


Ori 1  Ling  ; 
Installation : 


Started 


4/12/85  1622hr 
4/13/85  0802hr 


Completed 


4/13/85  0756hr 
4/13/85  llOOhr 


Water  Level  Reading:  4/13/85  0702hr  (40 . 2 ' BLS) 4/ 13/35  1127hr  (40.2'B: 


Develooment  •' 


Well  Development: 

Method/ Equipment :  Air  Surge(lhr) /l ■ 7  '  Brainard-Kilman  Hand  Pump 

Static  Depth  :o  Water:  42.15 _ _ _ 

Pumping  Depch  to  Wacer:  39.5 _ 

Pumping  Race  :  j  1  gal/min. _ _ 


3 


XXX  ASSOCIATES 

A  Comm  a*  Science  toaitcsawn.  if*. 

3*00  Atatoai*  3n*«-  VfcuMn  vrgmn  22' 02 
Project:  McSnCire  ANG  3ase 


OS  ILL  INC  LOG 
Owner:  ■  3  •  4  l  ~  ~  c : 

Lacac  i  3  n : 

Training  Area 


Wall  No.: 


:  :e'.2  Bock  N; .  :  3  .. 

-~i  3y : _  Rick  Eades 


73-33 


site  oMccn 


Reference 


P 


Raf aranca 
Point 

Slavac ion : 


C»ce 

Drilling  Scarred:  4/12/85  1622! 
Drilling  Completed^/ 13/85  075A, 
-acar  Lave  1  40  .2  'BLS  4/n/ss  n?r 


Hi 

]  Jl 


i  51 

s  “ 

J  ss 

1  Ci 


Legend 

Sampling  Incerval 
Recovery 
Solit  Spoon 
Cue  c  mg s 


OESCSIPTIOH 


Gradat  io: 

Trace 

Little  12 

Some  20 

Add  "Y" 


Dark  brown  to  dark  red 


SI:  3.5  -  5.0'  3L5  SS :  1.4' _ 

i.4'  -  Red  (2. Syr  4/8)  clayey  silt,  some  cine 
_ sand,  firm _ 


Same  as  above 


si:  3.5  -  10. O'  31.: 


(2.5vr  4/8)  clay 


10 


9 


sand,  firm 


13.5  -  15.0’  3LS  1.4| _ 


0.4'  -  Red  (2. Syr  4/8)  silty  clay  with  some 


sand,  firm 


1.0'  -  Yellowred  (Syr  5/8)  sandy  silt,  some 


clay,  firm 


Yellow  red  clavey,  sandv  silt 


•  n'  RE 1 . 3  ' 


0.4'  -  Yellow  red  (5yr  5/8)  sandy  silt,  some  clay 


0.4'  -  Pink  yellow  (7.5yr  6/8)  mottled  clayey  sand 


0.5'  -  Mottled  pink  (5yr  7/4)  and  yellow  (7. Syr  6/8) 


clayey  sand,  trace  silt,  stiff 


3 U. 


r<  nS 


2J  ASSOCIATES 

^  ^rurtim  tt  s cow  iwwtwow  '<ic 
400  WMturv  nnv«.  Me  Luo  virgin*  22' 02 


OB ILL IMG  LOG 


26  1 


28’- 


32' 


34' 


33  ' 


-O' 


MW  1-3  (cone. ) 


1 

1 

i! 

3 

1 

i 

•a 

i 

OCSCIIPTION 

m 

• 

B 

» 

• 

c 

Hie  cop  of  clay  at  about  28.0' 

» 

SI:  28.5  -  30.0'  BT.S  RE:  1.2’ 

* 

ss 

6 

0.8'  -  Mottled  gray  (7.5yr  8/2)  and  reddish  yellow 

h 

*6 

10 

(5yr  6/8)  clay,  stiff 

E 

22 

0.4’  -  Interbedded  clay  (see  above)  and  yellow 

r 

L 

(7. Syr  6/8)  clayey  sand,  firm 

- 

; 

: 

C 

Pink  to  gray  clay,  silty 

tm 

L 

f 

«• 

SI:  3  3.3  -  3  5.0'  3LS  R£  ■'  i,‘>' 

- 

33 

5 

0.4'  -  Pinkish  gray  (Syr  3/2)  sandy  silt,  stiff 

•  ! 

••'7 

3 

0.5'  -  Pink  (Syr  7/4)  silty  clay,  firm 

- 

3 

0.5'  -  Yellow  (7. Syr  8/6)  well  graded  sand,  loose,  dry 

- 

-  -  -  - 

c 

Yellow  fine  to  medium  sand 

11 1 

r 

p 

£1:  W8  .  '  -  -O  .  1 '  1’  <5  RF.  :  1.4' 

- 

5S 

5 

1.0'  -  Pink  (Syr  3/2)  to  yellow  ( LOvr  6/8)  fine 

" 

-8 

6 

to  medium  sand,  loose,  dry 

£ 

5 

0.4'  -  Pink  (5yr  7/4)  mottled  clay 

- 

: 

r 

p 

E 

Hit  toD  of  siltv  sand  Laver  at  about  41.0' 

L 

DULL  INC  LOG 


ti  fi  it  8<  ASSOCIATES 

MOO  Wntsiff  nnv*.  McLma.  *' >f g»ni4  fi’02 

_  _ MW  1-3  (cone.) 


U)  iMia;  ASSOCIATES 

»  Cam— oy  ««  Sam—*  4— tfcanom.  "**■ 

*•00  W—toarr  nnv*.  Mciaan  Virginia  22102 


Of ILL INC  LOG 


MW  1-3  (cone.) 


SI:  58.5  -  60.0' _ RE:  1..1' _ 


0.3'  -  White  (7.5yr  N8)  medium  to  coarse  sand. 


clayey,  loose 


0.6'  -  Red  yellow  (Syr  6/8)  fine  to  coarse  sand 


with  thin  clay  interbeds,  firm 


0.2'  -  Pale  pink  (5yr  8/3)  silty  sand,  loose 


Since  heaving ' sands  encountered,  overdrilled  to  63. 5 1 


63.5  -  64.5'  RE:  0.6' 


0.6'  -  White  (7. Syr  N8)  silty  sand,  trace 


clay  and  coarse  sand,  firm 


WILL  CONSTRUCTION  SUMMARY 


«-T-  S- ASSOCIATES 

A  Carnot**  of  Seitnct  Aetna. toons,  me. 

3^00  .Vesicar*  Dnve  Vlcuan  Virginia  2*C2 


Project :  McEntire  ANG  Sa^e_ 


Owner:  L’-S.  Air  Force. 


«e II  No . : 


Drilling  SiMMr?: 

Total  Depth: 


65'  BLS 


-r  •-  -  .ers  : 


Harris  Howard 


Borehole  Dianne  ter1.  s ; :  6H 


Soil  &  Material  Engineers.  Inc. 


Rig  Type:  CME  550 _ 

Elevation:  Lane  Surface:  225  Bit(s):  Tricone  Roller  Bit 

Top  of  Das  mg  :  Drilling  r.uit  Type  iBentonite/U'ate: 

Supervisory  Geologist:  Candace  Nothwanger  Amour.:  Use:  300  gals 


Log  Book  So.  4  pp.  101-127  Water  Level:  41‘4'  BLS 


Well  Design: 

Casing:  Material:  Schedule  4Q  PVC  Screen:  Material:  Schedule  40  ?vc 

Diameter:  2" _ ID  2  5/16'tp  Diameter: _ ^ _ _ 

Length:  43' _  5i3r;  0.015,  5  slot/inch _ 


Filter:  Material:  Torpedo  Sand  Setting:  ~  ^3 '  _ 

Setting  34 '  -  6  1  BLS _  Seals:  Tvpe:  Bentonite  Pellets 

Grout:  Type:  Cement/Bentonite  Setting:  32’  -34'  BLS _ 

Setting:  2.5'-  32'  BLS  Surface  Casing:  Steel  (4*"  OP  *  ' 

Dtner:  Steel  casing  concreted  from  2.5'  BLS  to  land  surface. 


T  inM  Log : 


Drilling: 
Inscal  lac  ion : 


Scarred 


4/12/85  1428  hrs 


4/13/85  1104  hrs 


Completed 


i- / 13/85  1C19  hrs 

*■  / 13/85  1309  hrs 


Water  Level  Reading:  4/13/85  41.4'  BLS 


4/14/85 


>1.3'  BLS 


-.eveioomen:  • 


Well  Development: 

Method/ Equipment  :  Air  surge  (lhr.)/1.7"  Brainard-Kilman  hand  pump. 

Static  Deptr.  to  Water :  41.49'  _ 

Pumping  D e p c h  to  Water:  60.5.' _ 

Pumping  Rate:  ?  1  gal/min _ 

Volume  Pumped:  1100  eals 


it  ASSOCIATES 

A  CMHIItr  4 1*  S<4«»  AOAIKABW't.  i/K.  _ 

3400  Wastoaf*  3fv#.  MeLMfv  vifgmn  <2*22 

Project:  McEncire  A.VG  3ase 


DULL  LHC  LOC 

Owner:  '-I  S.  Air  Forca  Veil  No.: 
_ _ _  Sice  1  „  , 


MW  1-4 


Location: _ 

Fire  Training  Area 


Rafaranee 
Paine:  I 

Reference 

Pome 

Elevecian: 


Field  Bock  '.'z.:  4  ; ;  101-122 

-«3  5y  :  _Candace  N'othwanger 
Driller:  Harris  Howard 

Rig  Type:  C>!E  -,;n _ _ 

Taeal 

Daacn;  BLS _ 


235.28 


aica  aeaccn 


Drilling  Started:  4/12/85  1428  :■ 
Drilling  Catnplectd:4/ 13/35  1219 
Veter  Laval:  4/13/85  0859 

41.4'  3L3 


2-1 


Sandv  clav. 


31:  3.5  -  3.0'  3LS _ *-  ;  1.2' _ 

3 andy  clay,  some  silt;  red  (2. SYR  4/6);  firm ; 

moist . 


31:  3.5  -  10.0'  3LS _ S£;  L-.3J _ 

Sandy  clay,  trace  silt;  red  (2.5YR  4/6);  firm; 
moist. 


■ 

: 

■ 

■ 

■ 


3kiu.uk:  ux 


UMB  ASSOCIATES  oi ill iNG  log 

-  Commit  *  Smi»m  inwiww  m 

MO  nnv«.  McUan.  Vir^ima  22102 


^  -  - :  ASSOCIATES 

4  Comoct *y  at  Science  Aoeuceeant.  Inc. 

3-00  .Vtetoar*  3nv#  Me -Mn  Virginia  22102 


Project :  UcEntire  ANO  Base 


WELL  CONSTRUCTION  SUMMARY 


Owner:  U • S ■  Air  F  < 


We  1 1  No 


Drilling  Siaury: 


55'  BLS 


Harris  Howard 


_  ,  _  J  J  m,  •  .  .  '•* - -  - -  f 

.3 tax  Deotn :  >*ri ..ers- 

3orehoie  Diameter: s ; :  6  V'  Soil  &  Material  Engineers.  Inc. 

_  Rig  Tvse  :  CME  550 _ . 

Elevation:  Line  Surface:  212.82  Bit's):  Auger 

Top  3 f  Casing:  2 '  drilling  Fluid  T vp e  :  Wa tar / Mi "k^li re 

Supervisory  Geologist:  Candace  Nothwanger  Amount  Use:  27  gals / 30  gals 
Lag  Bock  No.  2  pp.  135-160  Vac#r  Level:  33‘25  BLS _ 


Wall  Design: 

Casing:  Material:  Schedule  40  PVC  Screen:  Material:  Schedule  40  PVC 

Ciameeer:  2" _ 10  2  5/16’^p  Diameter:  2" _ 

Length: _ ^ _  Slot:  0.015,  5  slot/inch 


Filter:  Material:  Torpedo  Sand  Setting:  33'  -  53'  BLS _ 

Setting  31'  -  55'  BLS _  Seals:  Tvpe :  Bentonite  Pellets 

Crout:  Tvae:  Cement/Bentonite  Se'-'-.g:  29 3 1 '  BLS 


Setting:  2.5'-  29'  BLS  Surface  Casing:  Steel  (4>$"  OD 

Ct"e”:  Steel  casing  concreted  from  2.5'  BLS  to  land  surface 


Tine  Log: 


Drilling  : 


instai  lac  lor. : 


Water  Level  Reading: 


-eveiooment  ’ 


Started 


4/1/85  1048  hrs 

4/5/85  0824  hrs 

4/4/85  33.25'  BLS 


Completed 


i/4/85 


1655  hrs 


4/5/85  1624  hrs 


4/8/85 


33.10'  BLi 


Well  Development: 

Method/ Equipment :  Air  3urge  (1  hr)/1.7"  Brainard-Kilman  hand  purop . 

Static  Depth  to  Water :  33.2' _ 

Pumping  Depth  to  Water:  52.5' 

Pumping  Race:  @  1  gal/min. 

Volume  Pumoe-t:  280  gais 


aJTELli  ASSOCIATES 

•  Stl0* «•  A— ***»*.  In<- 

■  X  Weatpam  Ofv«.  Mcuaen.  V'fgima  22’C2 

Project:  ^tcEncire  ANG  Base 


01XU.ING  LX 

Owner:  U.S.  Air  Ftrce  Well  Ho. :  MW  2-1 


rogation:  Sice  2 
Sanitary  Landfill 


Field  3octc  Sc..-  7  ;;  135-153 

Leg  3y:  Candace  Nothwancer 


55’  BLS 


Reference 

Zece  : 

Point 

Elevation:  212.82 

Drilling  Started:  4/4/85 

Orilling  Completed:4/4/85 

I048hrs . 

1655hrs . 

Sice  Skacch 

Water  Level:  4/4/85 

33.1 'BLS 

Legend 

Gradation 

SI: 

Sampling  Incervai 

Trace 

1-127. 

RE: 

Recovery 

Little 

12-207. 

SS  : 

So  Lie  Spoon 

DCSOIlfTIMI  Som€ 

20-30E 

C: 

Cuttings 

Add  "Y" 

>}0Z 

RE:  1-2’ 


Fine  to  medium  sandy  silt,  trace  clay;  red  (2.5YR  4/6); 


firm;  moist. 


Same  as  above. 


Same  as  SS/i 


Medium  to  coa 


brown  (7. SYR  5/6 


firm  to  loose;  moist. 


rage  1 


3JJ  associates 

a  Cwmo  *  s— —  swtfww.  /** 

MO  Wwquit  ftnv*.  McUmh.  Virgin  22102 


□KILLING  LOG 


oiscaimoK 


Gravel  layer  be 


15.0'  BL 


RE:  1.4' 


Fine  to  medium  clayey  sand,  trace  gravel:  gradation- 


mottled,  pink  (7.5YR  7/4),  reddish  yellow  (7.5YR  6/8 


white  (2.5YR  8/2);  firm  to  stiff  (becomes  stiff 


towards  15.0’  BLS) ;  moist  to  dry. 


Gravel  layer  ends  at  16 . 0 '  BLS . 


SI:  18.5  -  20.0’  BLS  RE:  1. 


Very  fine  sand,  some  silt;  colour  grades  from _ 


reddish  yellow  (2.5YR  6/8)  into  yellow  (10YR  7/6) 


loose  to  firm;  moist. 


SS  I  5 
#5 


23.5  -  25.0'  BLS  _  RE:  1.5' 


0.8'  -  Medium  to  coarse  sand:  w 


0.3'  -  Fine  to  medium  sand;  yellow  (10YR  7/8) ;  loose 


moist  to  dry. 


0.4'  -  Fine  to  medium  sand,  trace  clay;  pale  brown 


(10YR  7/4)  to  yellow  (10YR  7/6);  loose;  moist 


26 


^  ASSOCIATES 

A  Cam oe*v  a/  Seit*>c»  Aoonccoens.  inc. 

3-00  .Vestoarx  3nve.  Vlc-tan  Virginia  2102 


WELL  CONSTRUCTION  5UW1ARY 


Project:  Me Entire  ANC  Base 


Ovner:  U.S.  Air  Force 


W« i l  No 


Drilling  Sianer?: 

Total  Depth:  48'  BLS 

3orehol«  Diameter!  s  ) :  6h” 


Zri'e'S:  Harris  Howard 

Soil  &  Material  Engineers,  Inc. 


_ _ _ _ Rig  Type:  CME  550 _ 

Elevation:  Lana  Surface:  206.66  3it(s):  Auger _ 

Tap  of  Casing:  2'  ALS _  Drilling  Fluid  Type:  Mater 

Supervisory  Geologist:  Candace  Nothwanger  Amour.:  Ise :  25  8als 

Log  3ook  No. _ 2  pp.  103-125  ^ater  Level:  BLS 


103-125  vater  Level: 


26.6'  BLS 


Veil  Design: 

Casing:  Material:  Schedule  CO  PVC  Screen:  Material:  Schedule  CD  ?vc 

Diameter :  2" _ 10  2  5/16'tD  Diameter: _ £ _ 

Lengch: _ 29J _  Slot: _ 0.015,  5  slot/inch _ 

Filter:  Material:  Torpedo  Sand  Setting:  27'  -  47'  BLS 

Setting  25'  -  47 '  BLS _  Seals:  Tvpe  :  Bentonite  Pellets 

Grout:  Type:  Cement /Bentonite  Setting:  23'  -  25'  BLS 

Setting:  2.5'  -23'  BLS  Surface  Casing:  Steel  (&>$"  OD  v.  ? '  ' 

Ct.ner:  Steel  casing  concreted  from  2.5'  BLS  to  land  surface. 


Time  Log: 


Started 


Completed 


Drilling-  4/3/85  0806  hrs 

Installation:  4/3/85  1259  hrs 

Water  Level  Reading:  4/3/85  26.6'  BLS 

Development  :  _ 


1259  hrs 


4/3/85  1136  hrs 

4/4/85  0900  hrs 

4/5/85  24.0'  BLS 


Veil  DevelopaMnc: 

Method/1  Equipment:  Air  surge  (1  hr)/1.7"  Brainard-Kilman  hand 
oth  :p  Water:  25.85' 


Pumping  Rate 


125  sals 


0*  ILL  IMG  LOG 


-o  t  ?.Cj)  ASSOCIATES 

A  Cammm  a *  Se*"«*  a«e*ceoo**.  /m. 

4*00  Westoaf*  3«v«-  Mci-Mr  *2’C2 

Project:  McEnCire  AMG  3ase 


Owner*  Well  No. : 


l-ieidani  Site  2 
S an It ary  Land ft 1 1 


Reference 

Point :  Land  Surface 

Reference 

Point 

Elevation:  206.66 


Field  3oc«  Nc.:2  r;  103-125 
Leg  3y :  Candace  Nothwanger 
Dri I Lar:  Harris  Howard 

Rig  Type:,  CME  5 in _ _ 

Total 

Daoth:  48'  BLS 

Oita 

Drilling  Startad:4/3/85,  0806h  s 
Drilling  Camp  la tad: 4/ 3/85 , 1150hrs 
Water  Laval:  4/3/85,  26.6'  „S 


c 

3 

i 

!l 

s 

1 

1 

a 

Legend  Gradation 

SI:  Sampling  Interval  Trace- 

=*?°VBcy  LiCCl*s  12-20% 

SS:  So  lit  Spoon  D*sc*irno*  Some:  20.307> 

C:  Cuttings  Add  My...  >307> 

1 

c 

i 

Sandy  clay;  moist. 

! 

• 

in 

r 

» 

* 

I 

SI:  3.5  -  5.0*  3LS  RE:  0.4'  j 

ss 

<n 

8 

Sandy  clay,  some  silt;  mottled;  red  (2. SYR  4/8)  f 

» 

• 

m 

» 

» 

11 

and  strong  brown  (7.5YR  5/8);  firm;  moist.  | 

19 

1 

c 

Medium  to  coarse  sand,  some  silt  and  gravel;  hot.  | 

1 

| 

1 

I 

1 

D 

» 

• 

• 

: 

• 

SI:  8.5  -  10.0'  3LS  RF :  1.4'  ■ 

ss 
* 2 

n 

Medium  to  coarse  sand,  some  clay;  mottled;  ^ 

10 

white  (5YR  8/1),  pale  red  (10R  6/4),  and  yellow  ■ 

16 

( 10YR  7/8)  to  brownish  yellow  (10YR  6/8);  firm;  moist. 

Pag*  1  ar|_ 

10' 


4  Ctmmmt  at  Smamt  im. 

MOO  rifiv*.  M«Uan.  virvnu  22102 


1  o 1 

J 

i 

!! 

3 

3 

j 

1 

( 

oKsatmxoN  j 

i 

j- 

- 

G 

Medium  co  coarse  sand,  some  gravel. 

i 

Gravel  layer  from  11*  -  14’  BLS 

> 

t 

* 

j 

12'” 

14  1 

SI:  13.5  -  15. O’  BLS  RE:  1-3’  j 

ss 

>n 

9 

Fine  to  coarse  clayey  sand,  some  gravel; 

16'  _ 

8 

needed,  white  (5YR  8/1)  and  pale  red  (10YR  6/4); 

10 

firm,  moist. 

j 

c 

; 

i 

A 

1 

18’  _ 

Medium  to  coarse  sand,  some  gravel;  very  hoc. 

I 

1 

f 

20 ' 

2?  1 

“  *"  -H 

SI;  18.5  -  20.0’  BLS  R£:  1.4' 

ss 

#4 

6 

0.7'  -  Clay,  trace  sand;  mottled,  red  ( 10YR  6/4) 

6 

and  white  (5YR  8/1);  stiff;  dense;  dry. 

8 

0.7'  -  Medium  sand,  some  clav  and  gravel; 

- 

mottled,' pale  red  (10YR  6/4)  and  white 

(5YR  8/1);  loose  to  firm;  moist.  : 

t 

t 

24’ 

- 

E 

SI:  23.5  -  25.0'  BLS  RE:  1.4' 

SS 

« 

3 

Medium  micaceous,  kaolinitic  sand; 

[ 

2 

white  ( 5YR  8/1);  loose;  moist  to  wet. 

7 

26' 


Pan  2  of  3 


Coarse  sand;  white  (5YR  8/1);  loose;  wet. 


Clay  and  .1'  sand;  mottled;  brownish  yellow 


(1QYR  6/8),  and  dark  reddish  brown  (5YR  3/3); 


contains  small  dark  red  beads  (7. SYR  3/6); 


58' 


’  n  oT'  3/ 

associates 

A  Company  at  S&nnca  Appiicaoons.  Inc. 

3400  Westpar*  Dnve,  McLean,  Virginia  22102 

WELL  CONSTRUCTION 

SUMMARY 

Proiect:  McEntire  ANG  Base 

nunyr-  U.S.  Air  Force 

_  Well  No 

Drilling  Sumary: 

Total  Depth:  43.3' 
Borehole  Diameter! s):  6%" 

Elevation:  Lana  Surface: 


Drillers:  Earl  Moseley 
Soil  &  Material  Engineers 

Rig  Type:  CME  550 _ 

3lt(sJ:  Hollow  Stem  Auger 


Top  of  Casing :  Drilling  Fluid  Tvpe:  water _ 

Supervisory  Geologist:  Rick  Eades  Amount  L'se:  10  gallons 

Log  3ook  No .  3  pp.  49-60  Water  Level:  26.0'  BLS  (4/10/85  165 


Well  Design: 

Casing:  Material:  Schedule  40  PVC  Screen:  Material:  Schedule  40  ?'-'D 
Qiamecer:  2”  IQ-  2^"  pp  Diameter:  2" 

Length: _ 25.7'  _  Sloe:  .015,  5  slot/inch _ 

Filter:  Material:  Torpedo  Sand  Setting:  23.7  -  43.3'  BLS _ 

Secting:  21.7  -  43.3'  BLS _  Seals:  Type:  Bentonite  Pellets 

Grout:  Type. -Port.  Cenent/Bentonite  Setting:  19.7  -  21.7'  BLS _ _ 

Secting:  2.0  -  29.7'  BLS _  Surface  Casing:  Steel(4V'0D  x  3'Lt. 

Ocher:  Steel  casing  cemented  from  2.0'  BLS  to  land  surface. 


T ime  Log : 


Started 


Completed 


Drilling : 


Inst  a  i  latior. : 

Water  Level  Reading: 
Development  : 


4/10/S5  1550hr 
4/11/85  0823hr 


4/11/85  0818hr 
4/11/85  1148hr 


4/11/85  1651hr  (26 .0"BLS) 4/ 1 1 /85  1 1 45hr ( 26 . 2"B1 


Well  Development: 

Method/ Equipment :  Air  Surge(lhr) /l. 7"  3rainard-Kilman  Hand  Pump. 


'or:  26 . 0 1 


Pumping  Depth  to  water:  4 

3.0’ 

Pumping  Rate:  -  1  gal/rain 

• 

-  tl  ASSOCIATES 

A  Commit  a*  Science  Aooncaaor*.  m c.  ^ 

3400  Weetsasx  3nv*.  ^cuaan  vrgmia  12  -2 

Project:  McEncire  ANG  3 ase 


DRILL IMG  LOG 


Owner:  -.5.  Air  Fine 

Well  No. : 

MW  2-3 

l.jcacun:  No  .  1  Fire 

Field  3ct 

3  ::  49-60 

Training  Area/Sanitary 

Ltg  3v :  _ 

Rick  Eades 

Landfill 

Driller: 

Earl  Moseley 

Rig  Type: 

CME  ‘  =  0 

Reference 

Point:  Land  Surface 

Total 

Depcn: 

50  ’ 

Reference 

Point 

Elevation:  203.75 

Drilling 

Dace  T_-e 

Started:  9/10/85  15501 

Dri  1 1  mg 

Cimpletedvi/ll/85  08181 

Water  Lave l -26 ' 3LS  4/  10/85  1651! 


Legend 

Cradac  .on 

!L  - 

X 

>m0 

51: 

sampling  Interval 

Trace 

1 

1 

i3 

li 

m 

J 

1 

to 

RE: 

SS: 

r  . 

Recove  ry 

Solit  Spoon 

Cuttings 

DESCRIPTION 

Little  12-20", 
Some  20-  30", 
Add  20% 

a 

■ 

u 

r 

i 

s  z  ■ 

3.?  -  5.0'  3L5 

a  £ 

1.5' 

- 

• 

55 

11 

1.5 1  -  Yellowish  red  l5vr)  silt,  some  rme  ) 

m 

to 

••■•L 

16 

sand,  reace 

clav.  firm 

L 

w 

20 

r 

r 

P 

T 

k 

C 

Reddish  siltv  sand 

k 

W 

r 

c 

to 

f- 

3  I 

8.5  -  10.0'  3LS 

r 

:  1.5' 

to 

k 

53 

10 

1.5'  -  Yellow  red 

(5vr  5/8)  medium 

to  coarse  sand. 

» 

-2 

a 

14 

some  silt. 

loose  to  firm _ 

- 

» 

k 

| 

18 

Page  . 


01  ILL  INC  LOG 


ASSOCIATES 

Hff  —  I— Alimmi  Inc. 

r>nv»,  McLmh  Vi/giflu  2' 02 


A  G 
3*00  W 


MW  2-3  (cone.) 


10' 


12' 


14' 


J 


j} 


n 


16  1 


13' 


r 

C 

i 

r* 

r 


:o’ 


i 

i 


26’ 


3 

j 


ss 

'*3 


3  S 
.«  / 


SS 

••-‘5 


otseixmoN 


Yellow  brown  fine  to  medium  sand 


SI:  13.5  -  15.0'  3LS 


RE:  1.4' 


0.7'  -  Pinkish  brown  (5yr  7/2)  coarse  to  medium  sand, 


some  silt 


0.4'  -  Yellow  brown  (lOyr  7/8)  coarse  to  fine  sand 


0.3'  -  Pinkish  brown  (Syr  5/4)  clay 


Hie  cop  of  yellow  sand,  occurred  from  about  17.0-13.0' 


13.5  -  20.0'  RT-S 


RE: 1.4' 


1.4'  -  Mottled  light  gray  (Syr  3/1)  and  pink  (2. Syr  7/4) 


clay,  some  silt,  trace  sand,  firm  to  stiff 


Yellow  silty  sand  lense  from  approximatley  20 .0-22 .0 ’ 


Pinkish  white  clay 


SI:  23.5  -  25.0'  3LS 


J&L 


■  1.5' 


1.3'  -  Pink  (7.5yr  6/8)  and  white  (Syr  8/1)  laminated 


clay,  stiff,  moist  at  bottom 


0.2'  -  Red(7.5vr  4/8)  silt,  some  sand  and  clay. 


poorly  graded,  firm 


I 


I 


1 


1 


?>|l  2  3 


DR1IX1MG  LOG 


'idSilS  ASSOCIATES 

a  Ctmmm  9*  iM^www. /<** 

400  W«tM*  nnv«.  UeUan.  Virginia  22102 


MW  2-3  (cont.) 


—  !  SS  12  0.9 1  -  Yellow  (IQyr  8/6)  fine  sand.some  silt 


4  and  clay ,  with  disseminated  muscovite  mica, 


a! 


4  C. 

WOO  w« 


UO)  ASSOCIATES 

Saww  4 Mtfcaoom.  /*e 
iQ4ir  nrv*.  McLmt  Virginia  22102 


dulling  log 


MW  2-3  (cont. ) 


1 

i 

ii 

3 

3 

i 

a 

OESCXIPTIQH 

• 

c 

Same  as  above 

SI:  43.5  -  45.  (V  BLS  bp.  0.7' 

ss 

^9 

5 

0.7'  -  Light  yellow  (lOyr  8/6)  coarse  to  very  coarse 

m 

m 

m 

■ 

8 

sand,  some  silt  and  clay,  loose  to  firm 

13 

c 

Decided  to  overdrill  to  48.5'  to  ease  well  installation 

inside  augers,  since  heaving  sand  encountered. 

Same  as  above 

1 

Sis  48.5  -  50.0'  BLS  RE:  1‘3' 

5S 

*10 

OO 

1.3'  -  Yellow  (lOyr  8/6)  coarse  sand,  with  some 

13 

silt,  thin  (less  than  V)  clay  lenses 

50' 


19 


in  sample  interval 


ft? 


,  ASSOCIATES 

i  toe*  Aeoueaoons.  tnc. 

S“00  •V«stBjr»  Cnve.  Vlcuean  />rgmia  22TQ2 


McEntire  AMO  3ase 


WELL  CONSTRUCTION  SUMMARY 

Ovntr:  (J.S.  Air  Force  Well  Mo 


Harris  Howard 


Drilling  Staury: 

-  -•  'pen:  50'  BLS  Sri  liars:  Harris  Howard 

3orehoie  Diameter1.  s  )  :  _ Soil  &  Material  Engineers,  Inc. 

_  Rig  Tvs*  :  CME  550 _ 

Elevation:  Lana  Surface:  202.58  3  it si  :  Auger 

_  Drilling  Fluid  Type 

Supervisory  Geologise:  Candace  Nochwanger  incur:  is a 
Log  3ock  No .  ^  pc .  35-62  Water  Level:  26' 


Well  Design: 

Casing:  Material:  Schedule  40  PVC  Screen:  Material:  Schedule  10  PVC 

Diameter:  2” _ ID  2  5/16'*3  Diameter: _ £ _ 

Length:  -<.7  Sloe:  O.OlSi  5  sloc/inch 

Toroedo  Sand  26'  -  46'  BLS 


2 

ii.  7’ 


24'  BLS 


2 '  BLS _  Surface  Casing:  Steel  UH"  OD 

Steel  casing  concreted  from  2.5'  BLS  to  land  surface 


Started 

Completed 

55  0814  hrs 

4/10/85  1115  hrs 

Well  Development: 

Method, 'Equipment:  Air  surge  (1  hr.)/l/7"  Brainard-Kilman  hand  pump. 
Static  Depth  to  4'a t e r :  26.1’ 

Pumping  Deoth  to  Water:  45,5'  __ 

Pumping  Rate :  j  1  gal/min _ 

Pumsea:  100  gals 


i,'  ASSOCIATES 

a  c 9*  h*wi  Aeeeceoon*.  >x. 

3400  wwun  0nv«.  Me  teen  Virginia  22' C2 

Project:  MeEntire  ANG  Base 


DULL  LHC  LOG 


Owner:  U.S.  Air  Force  Weil  No.:  MW  2-4 


Location^ 

Sanitary 


Reference 

Point:  Land  Surface 


Reference 

Poine 

Elevation: 


202.58 


sice  Sketch 


Field  Bock  No.:  4  35-52 

Log  3y:  Candace  Nothwanger 

Driller:  Harris  Howard _ 

Rig  Type:  CM?  _ 

Total 

Deoch:  50*  BLS 

Dace  Time 

Drilling  Scarced:  4/10/85  0814hrs 
Orilling  Completed: 4/10/85  1115  :s 
Water  Level:  4/10/85  26 'BLS 


Legend 

Sampling  Interval 
Recovery 
So  Lit  Spoon 
Cut :  mgs 


DESCtlPTIOK 


Gradation 

Trace  1-127. 
Lictle  12-207. 
Some  20-307. 
Add  "Y"  >30* 


_  RE:  1.3* 


Sandy  clay,  trace  silt;  mottled  strong  brown 


(7.5YR  5/6);  yellowish  brown  (10YR  5/8);  and  red 


2.5YR  4/6);  firm;  moist. 


Sandy  clay  layer  ends  at  6'  3LS. 


Sand  layer  extends  from  6-10'  BLS. 


10.0'  BLS 


RE:  0.7' 


Very  fine  sand,  trace  clay  and  gravel;  mottled 


white  ( 10YR  8/1),  very  pale  brown  (10YR  8/3),  reddish 


yellow  (5YR  7/6),  red  (2.5YR  5/8),  and  yellow 


C10YR  7/6);  loose;  moist. 


Of  ILL  UC  LOG 


jJiSiiB  ASSOCIATES 

*  ‘nn  r  T~ —  •murnmm 

MOO  'Hmmm  *«*•.  MeUe*.  vi 22102 


i  n  * 

J 

} 

1 

| 

ouaimoM 

. 

* 

’ 

Clay  layer  ffom  10.5  -  14.0'  BLS 

12'- 

" 

SI:  13.5  -  15.0'  BLS  RE:  l.V 

14' 

4 

0.5'  -  Clay;  mottled  white  (10YR  8/1)  and  yellow  ( 10YR  7/8); 

*3 

20 

stiff;  dense;  dry. 

25 

0.8'  -  Very  fine  sand;  mottled  white  (10YR  8/1),  very 

pale  brown  ( 10YR  8/3),  red  (2.5YR  5/8),  and 

16'  - 

yellow  (10YR  7/8);  loose;  dry. 

1 

Sand  layer  from#  14.0  -  21.0'  BLS. 

Clay  layer  from  #  21.0  -  22; 5'  BLS. 

18'  _ 

SI:  18.5  -20.0'  BLS  RE:  1.3’  1 

SS 

3 

0.3'  -  Clay,  some  sand;  colours  same  as  SS3; 

#4 

5 

firm;  dry. 

20'  _ 

4 

1.0*  -  Very  fine  sand;  mottled  white  (10YR  8/1),  and 

red  <10R  5/8)  to  light  red  (10R  6/8);  ; 

loose;  dry.  j 

Sand  layer  begins  at  t§  22.5'  BLS.  1 

22 ' 

- 

i 

SI:  23.5  -  25.0'  BLS  RE:  1.5' 

24' 

SS 

_ 

1.2'  -  Fine  to  medium  sand;  laminated  red  (7.5YR  5/8) 

#5 

4 

_! 

and  white  (10YR  8/1);  loose;  dry  to  moist. 

3 

0.3'  -  Fine  to  medium  sand,*  colour  grades  from  light  red 

(5YR  6/8)  to  reddish  yellow  (7.5YR  8/6)  to  brownish  ' 

26 '  „ 

yellow  (10YR  6/8);  loose;  dry  to  moist. 

Pits  2o M 


01 ILL  INC  LOG 


ASSOCIATES 


34Q0  UclMfl.  Virqirw*  2Z1Q2 


SS  Wt. 

in  7" 
of 


Medium  to  coarse  sand,  some  gravel,  trace  clay;  yellow 


(2.SY  7/6);  loose;  saturated. 


Unable  to  take  SS//8  due  to  heaving  sands. 


Fill  in  augers  same  as  SS//7. 


Kaolinitic  sand  layer  begins  at  ^  41'  BLS 
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OilLLIHG  LOG 


J  fl  8{j  S3  ASSOCIATES 

t  Cmnmnv  it  JmM  iwiMM 

moo  wwtsart  *fi*.  Mcusn.  vtf$w«a  21102 


42' 


44’. 


46’. 


48' 


50' 


£ 


I 


Jt 


r 


I 


ss 

#9 


SS 

*10 


3 

3 

j 


12 


14 


19 


otscumoM 


SI;  41 .  S  -  4S  .  fl 1  BLS 


RE  ; 


1.5' 


Micaceous  kaollnitic  3 and;  mottled  while  _ 

(10YR  8/1)  co  £ellow_(10YR  7/8),  veiY_dar&_grey_ 


(10YR  3/1)  and  black  (1QYR  2/1):  loose  co  firm: 
wet  Co  moist.  _  __________ 


Same  as  above. 


SI;  48.5  -  50.0'  BLS 


RE: 


1.5' 


Fine  to  medium  micaceous  kaolinitc  sajnlr 


laminated,  white  (10YR  8/1)  and  yellow  (10YR  7/8 


Co  brownish  yellow  (10YR  6/8);  loose  to  firm; 


moist  to  wet. 


Harris  Howard 


Soil  &  Macerial  Engineers,  I-.c. 


_  Rig  Type:  CME  550 

Elevacion:  Lana  Surface:  215.22  3^- ; s  ;  ;  Auger 


Top  pf  Gas  mg :  Grilling  Fluid  Type :  Mud  mixture 

Supervisory  Geologise:  Candace  Nothwanger  A>,cun;  jSe  :3osSf  hs  .  ''bent  A- l 
Log  3ook  No  .  ^ _  pp.  2-33  Vacer  Level : _ _ 38  '  2LS 


co •  2-33  «acer  Level:_ 


;8  '  2LS 


Well  Design: 

Casing:  Macerial:  Schedule  4Q  pvc  Screen:  Material:  Schedule  cn  ?vc 

Giamecer:  2"  IG  2  5/16'tD  Diameter :  _ 

Length:  -* 0 1  s;.-,--  0.015,  5  sloc/inch 


1:  Torpedo  Sand 


Sec: mg  36'- 58'  BLS 


Cement/ Benconice 


8'  BLS 


Bentonite  Pellets 


34  ’-36'  BLS 


Steel  ( 


Steel  casing  concreted  from  2.5'  BLS  to  land  surface 


T iae  Log : 


Drilling: 


seal  .at 


Started 


t/8/85  0833  hrs 


85  0839  hrs 


38'  BLS 


Completed 


i/9/85  08G8  hrs 


2/9/85  -0 


Well  Development: 

Method/ Equipment :  Air  surge  (1  hr.)/1.7"  Brainard-Kilman  hand  pump. 
-  "  er:  38' 


ufflomg  Race:  -  ^  gal/min 
Pumped:  250  gals 


Owner 


U . 5 ■  5ir  Forte 


Well  Mo.: 


MU2-5 


a  Cam—**  •*  Sft*w*  *—*c»aon.  '«*•  ^  ^ 
J400  A Mto«rx  3n*e.  dewier  <  r9ini4  •*  -* 

Project :  ^^gjjitire  ANC  3aae_  . 


Site  JJo.  2 

t  .leation: 

Sanitary  Landfill 


Reference 

Point  :  Land  ^nrfa^ 

Reference 

Point 

Elevation:  ?is  ?? 


By :  Candace  Nothwanger 
l e r :  Harris  Howard 


Rig  Type:  c>’E  ssn 

Total  60'  BLS 

Oeptn  ••  _ 


Drilling  Scarred: 


Date  T_-* 

4/8/35,  0833  hr- 


Drilling  Completed:  4/9/85,  082S h 
Water  Level:  4/8/85,  33'  BLS 


r 

? 

i 

fs 

X 

I 

3 

3 

^•eS.«nd  Gradation 

SI:  Sampling  Incerval  trace  '  L-il", 

R£:  Recovery  Little  12-207. 

SS:  Solic  Spoon  DlSQLlfTlOH  Some  20-30X 

C:  Cuttings  Add  "y"  '-307. 

(J  - 

c 

Fine  to  medium  sand  and  clav. 

2  J 

* 

» 

SI:  3.5  -  5.0’  9LS  RE:  1.3’ 

4  ' 

S3 

4 

Sandy  clay;  mottled;  colour  trades  from  red(10R  4/6)  to 

••fl 

4 

brownish  yellow  (1QYR  6/6);  firm;  moist. 

9 

c  » 

o  - 

► 

Q  * 

SI:  3.5  -  10.0'  BLS  RF:  1.4' _ _ _ _ 

ss 

6 

Same  as  SSI;  also  contains  light  grev  laminations 

#2 

10 

(10YR  7/2).  _ 

10' 

18 
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ASSOCIATES 


*  f  biitt  9*  Jimm  *«<*»«•«  "*«■ 

MOO  Wwim*  nnv«.  Virginia  22102 


D® ILL  IMG  LOG 


3 

3 

j 


SI: 


16 


18 


18 


SI: 


10 


13 


16 


Sand 


SI: 


oucaiPTioii 


13.5  -  15.0'  BLS  RE: 

0.2'  -  Same  as  SSI  and  SS2 

1.0*  -  Clayey  sand;  light  red  (2.5  YR  6/6)  and  light  grey 
( 10YR  7/2);  firm  to  loose;  dry.  _ 


18.5  -  20.0'  BLS _ RE:  1.4' _ 

Medium  to  coarse  sand,  trace  clay;  reddish  yellow  (5YR  6/8) 
to  yellowish  red  (5YR  5/8)  with  very  pale  brown  laminations 
(10YR  8/3);  moist  to  dry;  loose. 


,  some  clay,  trace  gravel;  hot. 


23.5  -  25.0'  BLS _ RE:  1.4' _ 

0.1'  -  Medium  sand,  some  clay;  red  (2.5YR  5/8);  moist;  loos 
0.5’  -  Clay;  laminated  white  (10YR  8/1),  light  reddish  brow 
(2.5YR  6/4)  and  light  red  (2. SYR  6/6);  stiff;  dense; 
dry . 

0.8'  -  Very  fine  sand;  laminated  white  (5YR  8/1),  reddish 

yellow  (7. SYR  7/6)  and  light  red  (2. SYR  6/8);  moist. 


9_ 

_15 

15 


OB  ILL  INC  LOG 


tiOJ  ASSOCIATES 


» c, 

*00  w 


*  S4MM9  m C 

«nv«.  Vktsan.  Virginia  22102 


1 

1 

!! 

3 

1 

j 

OKSCXimOH 

26 '- 

• 

* 

1 

Very  fine  sand  layer  from  @  24  to  29'  BLS 

I 

t 

28  — 

h- 

E 

SI:  28.5  -  30.0'  BIS  RE:  1.3' 

: 

ss 

6 

0 . 4 1  -  Very  fine  sand;  reddish  yellow,  (SYR  7/6); 

#6 

6 

loose;  moist. 

30’ 

6 

0.5'  -  Very  fine  sand;  pale  red  (10R  6/4);  loose: 

moist. 

0.4'  -  Fine  to  medium  sand,  trace  clay  and  gravel,  i 

mottled  red  (10R  5/8)  and  reddish  yellow  ! 

(7. SYR  6/8);  loose;  moist. 

32  *" 

1 

l 

SI:  33.5  -  35.0'  3LS  RE=  I • 5 '  1 

u-  1 

SS 

2 

0.2'  -  Clay;  reddish  grey,  (  10R  6/1);  stiff;  dense;  dry. 

r  i 

*7 

2 

0.7'  -  Medium  sand;  laminated  white  (10YR  8/1)  and 

» 

• 

i 

4 

reddish  yellow  (SYR  7/6);  loose;  moist. 

►  i 

0.6'  -  Medium  sand;  brownish  yellow  (10YR  6/8); 

» 

36’  J, 

loose;  moist. 

Water  Table  at  @  38'  SLS 

r 

38’  JL. 

- 

1 

m 

SI:  38.5  -  40.0'  BIB  RE :  1 . 5 ' 

1 

1 

- 

SS 

3 

Medium  sand;  brownish  yellow  ( 10YR  6/8)  to 

I 

*8 

3 

strong  brown  ( 7 . 5YR  5/8);  loose;  wet. 

40'  „ 

r 

5 

■» 

U>  ifii L£>  ASSOCIATES 

MOO  Westserr  nnv*.  McKefl.  virgins  22' 02 


01ILLIMG  LOG 


Ill 

ill 


oiscupnon 


Wt. 

of 

Rods 


45.5  -  4S. O'  BLS  BF-  1 . 5 1 

Medium  to  coarse  sand;  some  gravel,  reddish  yellow 

(7.5YR  6/8);  loose;  wet. 


Same  as  above. 


£  SS 

jT  >*io 


SI;  48.5  -  50.0’  BLS  RE:  0.01 _ 

SS  #10  could  not  be  taken  due  to  heaving  sands.  Sands 
believed  to  be  of  same  type  as  SS  #9. 


Same  as  above. 


54’ 

t 

t 

'  I 

F 

56'  l 

F 


SS  #11  could  not  be  taken  due  to  heaving  sands. 

Sands 

believed  to  be  of  same  type  as  SS  #9. 

Same  as  above. 


iilSilB  ASSOCIATES 


A  C 
MOW 


nnv»,  Mctaan.  Virgmta  22102 


DULLING  LOG 


J 

* 

It 

t 

1 

j 

OBSCXimOM 

• 

_ 

SI:  58.5  -  60.0'  BLS 

RE:  1.2* 

■ 

ss 

Wt. 

Same  as  SS  #9. 

• 

• 

#12 

of 

• 

* 

Rods 

» 

• 

■ 

» 

* 

WELL  CONSTRUCTION  SUMMARY 


^  --  ASSOCIATES 

4  Como4«v  o f  Saw*  AeoiicMoena.  inc. 
i-X  .Vcstsant  Onve  Vlc:»e*n  ^rginn  22’C2 


Project :  .'IcEntire  ANfl  Base  Omer:  U ,  5  ■  A-.r  "  orte  _ „  W«  U  No .  :  J212l 


^  ASSOCIATES 

A  Cemmm  a*  to***  A-**  ntn.  m e 
MO  Weetpani  Onve.  ^CUMT.  Virginia  22‘CZ 

Projtec:  ^f"eire  ANG  Base 


OK  ILL  INC  LX 


Owner:  U.3.  Air  Forte  Well  No. 


Sica  oaaten 


Lacacion:  Site  3 

Storage  Facilit 


Reference 
Point : 


Surface 


Raferanca 

Point 

Elavation;  240.11 


Field  3ock  Mc.:_5 _ ppj. 

- * 3  3y=  Candace  Nothwan 


- r i . . a r ;  Harris  Howard 
Rig  Type:,  CME  Sin 
Total 

n:  65'  BLS 


Drilling  Started:  4/16/85  175? 
Drilling  Completed: 4/17/85  0945 
Water  Laval:  4/17/85  43.5' 


Ilf  j  j 

I 


Legend 

Sampling  Interval 
Recovery 
So  lit  Spoon 
Cuttings 


OESatZPTIOM 


(trad  at  ion 


Trace 
Little 
Some 
Add  "Y" 


1-127. 
12-207. 
20-307. 
.  >  307. 


RE :  1.1' 


Sandy  clav.  some  silt:  red  (2.5YR  4/81;  firm; 


moist . 


SI:  8.5  -  I 


(2.5YR  5/8: 


red  (2.5YR  4/8);  firm;  moist  to  drv. 


s 


11 

17 


ASSOCIATES 


DULLING  LOG 


<Vn«.  Mcuan.  Virgin*  2102 


Water  Table  at  43.5'  BLS. 


Fine  micaceous  sand;  white  (10YR  8/1)  to  white 


( 10YR  8/2);  loose;  wet. 


SI:  48.5  -  50.0'  BLS 


Medium  to  coarse  micaceous  sand 


white  (I0YR  8/1);  loose;  saturated. 


SI:  _ 53.  5  -  SS.O'  RT  S _ 0  •  5 ' 


Medium  micaceous  sind,  some  clav:  white 


Sand  and  clay  layer  began  at  54.5'  BLS. 
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OllLi* INC  LOG 


STMS  ASSOCIATES 

ssnwMBat  Vktsan  vif^ws 22102 


^  I  Cd 

A  ComoAfy  of  Scioncm  Apeucsaons.  Inc. 

3400  Westoark  Drive,  .McLean.  Virginia  22102 


Project : 


McEntire  ANG  Base 


WELL  CONSTRUCTION  SUMMARY 


Owner: 


.  L'.S.  Air  Force 


Well  No 


Drilling  Smnary: 

local  Peach:  58.5' 
Borehole  Diameter! s ) : 


Drillers:  Earl  Moseley 
Soil  &  Material  Engineers 


_ _  Rig  Type:  CME  550 _ 

Elevation:  Lane  Surface:  239.92  3ic(s):  Hollow  Stem  Auger 


Top  of  Casing :  __ _  Drilling  Fluid  Type:  water _ 

Supervisory  Geologist:  Rick  Eades _ _  Amcunc  Use:  10  gallons 

Lag  3ook  No . _ 3 _  pp .  114-121  Water  Level:  BLS  0/17/85  1510hr 


Well  Design: 

Casing:  Maceriai:  Schedule  10  PVC  Screen:  Material:  Schedule  40  ?' 


Diamecer : 


2V  CD  Diameter: 


Length:  45.4'  Slot:  -015,  5  slot/ inch 

F i  1  c e r :  Ma terial :  Torpedo  Sand  Setting:  46-0  ■*  58.5  BLS 

Setting:  43.5  -  58.5'  BLS  Seals:  Tvoe:  Bentonite  Pellets _ 

Grout:  Type  .-Port.  Cement/Bentonite  Setting:  41.5  -  43.5'  BLS _ __ 

Setting:  2.5-  41.5'  BLS _  Surface  Casing:  Steel (4Y'0D  x  5'Lc. 

Other:  Encountered  clayey  silt(drv)  3  58.5’  BLS  to  65'  BLS  and _ _ 

determined  screening  in  that  interval  inappropriate . 


Well  Development: 

Me  choc/  Ecu ipment :  Air  Surge( lhr ) / 1 . 7"  Brainard-Kiiman  Hand  Pump 


imping  uepth  to 
Pumping  Rate:  -  2  gal/min 
Volume  Pumaeo:  65  gals. 


Hvorslev  (1951)  Well  Test  Method 
(Freeze  and  Cherry,  1979) 


The  simplest  interpretation  of  piezometer-recovery  data  is  that  of  Hvorslev 
(1951).  His  initial  analysis  assumed  a  homogeneous,  isotropic,  infinite  medium  in 
which  both  soil  and  water  are  incompressible.  With  reference  to  the  bail  test  of 
Figure  8.20(a),  Hvorslev  reasoned  that  the  rate  of  inflow,  q ,  at  the  piezometer  tip 
at  any  time  t  is  proportional  to  the  hydraulic  conductivity,  K,  of  the  soil  and  to 
the  unrecovered  head  difference,  H  —  h,  so  that 

q(t)  =  jtr'^=  FK(H  -  h)  (8.31) 

where  F  is  a  factor  that  depends  on  the  shape  and  dimensions  of  the  piezometer 
intake.  If  q  =  q0  at  t  =  0,  it  is  clear  that  q(t)  will  decrease  asymptotically  toward 
zero  as  time  goes  on. 


r-^f 


- 1  =03  (ana  r  < 0) 


H  h  Ho 


:  7 

::  ;  ^ 

“LJ  1 

-H  M* 

Ootum 


(a)  ( b) 

Figure  8.20  Hvorslev  piezometer  test,  (s)  Geometry;  (b)  method  o(  analysis. 

Hvorslev  defined  the  basic  time  lag,  T0,  as 


Ta  = 


7tr‘ 

FK 


(8.32) 


When  this  parameter  is  substituted  in  Eq.  (8.31),  the  solution  to  the  resulting 
ordinary  differential  equation,  with  the  initial  condition,  h  =  //„  at  t  =  0,  is 


H  -h 
H-H0 


=  e-''T- 


(8.33) 


A  plot  of  field  recovery  data,  H  —  h  versus  /,  should  therefore  show  an  exponential 
decline  in  recovery  rate  with  time.  If,  as  shown  on  Figure  8.20(b),  the  recovery  is 
normalized  to  H  —  H0  and  plotted  on  a  logarithmic  scale,  a  straight-line  plot 
results.  Note  that  for  H  —  hjH  —  H„  =  0.37,  In  (H  —  hfH  —  HB)  =  —  1,  and  irom 
Eq.  (8.33),  T„  =  t.  The  basic  time  lag,  T„,  can  be  defined  by  this  relation;  or  if  a 
more  physical  definition  is  desired,  it  can  be  seen,  by  multiplying  both  top  and  bot¬ 
tom  of  Eq.  (8.32)  by  H  —  H„,  that  T0  is  the  time  that  would  be  required  for  the 
complete  equalization  of  the  head  difference  if  the  original  rate  of  inflow  were 
maintained.  That  is,  T0  =  V/qB,  where  V  is  the  volume  of  water  removed  or  added. 

To  interpret  a  set  of  field  recovery  data,  the  data  are  plotted  in  the  form  of 
Figure  8.20(b).  The  value  of  7*0  is  measured  graphically,  and  K  is  determined  from 
Eq.  (8.32).  For  a  piezometer  intake  of  length  L  and  radius  R  [Figure  8.20(a)],  with 
L/R  >  8,  Hvorslev  (1951)  has  evaluated  the  shape  factor,  F.  The  resulting  expres¬ 
sion  for  K  is 


t( sec) 


hi 

h2  42.87 

h3 
h4 
h5 
h6 
h7 
h8 
h9 

h10 

hll 

hl2 

hl3 

hi  4 
hi  5 
hl6 
hl  7 
hl8 
h  1 9 
h20 


1 

.005 


0 

30 


Regression  Analysis 
Correlation 
Slope  ; 

Intercept  : 


-1 


-.03 


_ L_ 

18.9 


K=(  r2)ln(LR)/2LT0  :  4.3xLJ~'4  ft/sec 


Pump  Test  Data  and  Analysis 


Well  No.:  MW  1-3 
H:  42.75  ft. 


H„:  49.50 

_ ft. 

H-h,/H-Hn 

t(sec) 

hi 

1 

0 

h2 

43.16 

.  JbO 

33 

h3 

42.79 

.005 

156 

h4 

42.76 

.001 

284 

h5 

h6 

h7 

h8 

h9 

h10 
hU 
hn 
hl  3 
h14 
h15 
*»16 
hl7 
h18 
hig 
^20 


Regression  Analysis 
Correlation  : 


-.647 


Slope 


-2.4xlO~3 


Intercept 

T 

Lo 


K-(r2)ln(LR)/2LT0  :  ft/sec 


Pump  Test  Data  and  Analysis 


Well  No.:  MW  2-4 
H:  27.90  ft 
H„:  35.02  ft 


t(sec 


Regression  Analysis 
Correlation 
Slope 

Intercept  : 


-.026 


K-(r2)ln(LR)/2LT0  :  4.9xl0~4  ft/sec 


hl 

h2  40.00 

h3  39.37 
h4 

h5 

h6 

h7 

h8 

h9 

h10 
hU 
hi  2 
h13 
hl  4 
hl  5 
h16 
hl  7 
h18 
hig 
h20 


0 

.312 

30 

.005 

45 

Regression  Analysis 


Correlation 

:  -.946 

Slope 

:  -.023 

Intercept 

:  .930 

T 

xo 

:  23.6 

K-(r2)ln(LR)/2LT0  :  3.6xl0~4 


f t/sec 


Pump  Test  Data  and  Analysis 


Well  No.;  MW  3-3 
H:  44.76  ft. 

HQ:  -48^63 _ fc- 


H-h,/H-H0 

t(sec) 

hi 

1 

0 

ho 

45.25 

.125 

27 

h3 

45.08 

.081 

35 

h4 

45.00 

.061 

37 

h5 

44.91 

.038 

40 

h6 

44.83 

.017 

50 

h7 

44.79 

.007 

124 

h8 

h9 

h10 

hU 

h12 

h13 
hi  4 
h15 
h16 
hi  7 
h18 
h19 
h20 


Regression  Analysis 
Correlation  : 

Slope 

Intercept  : 

T  : 

xo  '  . 


'.577 

-.005 

.432 

11.48 


K-(r?)ln(LR)/2LT0  :  l.lxlQ-3  ft/sec 


Pump  Test  Data  and  Analysis 


Well  No.:  MW  4-2 

H:  45.03 _ ft. 

H0 :  52.18 _ f  t . 


t(sec) 

hl 

1 

0 

h2  45.20 

.023 

30 

h3  45.08 

.006 

111 

h4  45 . 04 

.001 

130 

h5 

h6 

h7 

h8 

h9 

h10 
hU 
h12 
hl  3 
hl4 
hl  5 
h16 
hl  7 
hl8 
h19 
h20 


Regression  Analysis 
Correlation  : 

Slope  : 

Intercept  : 

T 

o  •  . 


-.734 

-5.8x10 

.650 

48.3 


K-(r2)ln(LR)/2LT0  :  1.89xl0~4  ft/sec 


Pump  TesC  Data  and  Analysis 


Well  No.:  MW  4t3 

H:  44.68 _ fc. 

H0:  50,45 _ ,ft* 


t(sec) 

hi 

1 

0 

h2  46 . 26 

.273 

46 

h3  46.00 

.218 

55 

h4  45.91 

.213 

104 

h5  45.75 

.  185 

120 

h6  45.66 

.  169 

123 

h7  45.58 

.  155 

129 

h8  45.50 

.  142 

136 

hg  45.41 

.126 

143 

hio  45.33 

.112 

152 

I'll  45.25 

.098 

201 

hi 2  45,16 

.083 

213 

hi3  45.08 

.069 

227 

hl4  45.00 

.055 

244 

hi  5  44.91 

.039 

309 

hi6  44.83 

.025 

343 

hi 7  44.75 

.012 

450 

hi8  44.70 

.003 

600 

hl9 

h20 

Regression  Analysis 
Correlation  : 
Slope  : 

Intercept  : 


-.225  - 

-7.3xLQ 

_aD _ 


K>(r2)ln(LR)/2LT0  :  1.14xl0~4  it/sec 


Pump  Test  Daca  and  Analysis 


Well  Mo. :  MW  5-2 _ 

H:  35.08 _ ft. 

H„:  37.88 _ ft. 

_ _ H-hT/H-HA _ t(sec) 


hl 

1 

0 

h2 

35 

.37 

.  103 

76 

h3 

35. 

.25 

.060 

94 

h4 

35. 

.  16 

.028 

131 

h5 

h6 

h7 

h8 

h9 
h10 
Ml 
M  2 

hl3 
hi  4 
h15 
h16 
hi  7 
hl8 
hl9 
h20 


Regression  Analysis 
Correlation  : 

Slope  : 

Intercept  : 

To  : 


-.933 

-7.9x10-3 

.895 

MJJ _ 


K-(r2)ln(LR)/2LT 


o 


:  2.3x10"^  ft/sec 


t(sec) 


hl 

1 

0 

h2 

33, 

.20 

.058 

20 

h3 

33. 

.08 

.030 

38 

33. 

.03 

.018 

510 

h5 

h6 

h7 

h8 

hg 

h10 
hll 
hi  2 
hl  3 
h14 
hl  5 
hi  6 
hi  7 
h18 
hl9 

h20 


Regression  Analysis 
Correlation  : 
Slope  : 

Intercept  : 


.-flslQT* 


To 


25.5 


K«(r2)ln(LR)/2LT0  :  4.9xlQ~4  ft/sec 


1 


0 


h2  30.58 
h3  30.54 

H 
h5 
h6 
h7 
h8 
h9 
h10 
hll 
hl  2 
h13 
hi  4 
hL5 
h16 
h17 
h18 
h19 
h20 


Oil 

29 

005 

61 

Regression  Analysis 

Correlation  :  - ,  854 

Slope  :  -  ,016 

Intercept  :  .819 

To  :  2.8..D _ 

K-(r2)ln(LR)/2LT0  ;  i.?yio~4  ft/sec 
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ANALYTICAL  REPORT 

ENVIRONMENTAL  RESEARCH  GROUP,  INC. 


Project:  A2947 

Report  Date: 05-22-89 


117  N.  FIRST 


Client  P.  0. 

Report: 


16-862007-10 

13527 


Client: 

JRB  ASSOCIATES,  INC. 
8400  WESTPARK  DRIVE 
MC  LEAN,  VA  22102 
Attention.  ANDRE  LAPINS 


Samples  Recvd:  04-19-85 
Refer  Questions  To: 
CAROLYN  SCHNEIDER 


Approved : 


Residual  Samples  Will  Be  Held 
TWO  WEEKS 


_ Parameter 

•■-GBCAN  -  E 
:RCANIC  CHLORIDE 
-ROAN I C  BROMIDE 
:F;CANIC  IODIDE 

'  ISTURE,  PERCENT 
_  AND  GREASE  3Y  IK 


Client  I.  D.  : 
ERG  Sample  No. 
Matrix: 

Date  Sampled: 


SD4-1 

04/128534 

SOIL 

04-18-85 


3.  1 

ND  (0.  10) 
<0.  05 

9 

8000 


mg /Kg 
mg /Kg 
mg /Kg 

7. 

mg  /Kg 


_ _ 

r.ar  AN  —  P 
ZROANIC  CHLORIDE 
r.FCANIC  BROMIDE 
:nCANIC  IODIDE 

ISTURE,  PERCENT 
_  AND  GREASE  BY  IH 


C 1  ient  I .  D.  : 
ERG  Sample  No. 
Matrix: 

Date  Sampled: 


SD4-2 

04/128535 

SOIL 

04-18-85 


Result 


<1.  0 

ND  (0.  10) 
<0.  05 


Units 


mg  /Kg 
mg/Kg 
mg/Kg 

7. 

mg/Kg 


nsC an  —  £ 

ircanic  chloride 

IRCANIC  BROMIDE 

:rcanic  iodide 


Cl  ient  I.  D.  : 
ERG  Sample  No. 
Matrix: 

Date  Sampled: 


SD4-3 

04/128536 

SOIL 

04-18-85 


<1.  0 

ND  CO.  10) 
CO.  05 


Units 


mg/Kg 

mg/Kg 

mg/Kg 

7. 

mg  /Kg 


0 ISTURE,  PERCENT 
IL  AND  GREASE  BY  IK 


14 

140 


ihi:  n. 


ANALYTICAL  REPORT 

ENVIRONMENTAL  RESEARCH  GROUP,  INC. 


Project:  A2947 

Report  Date: 09-22-89 


Client  I.  D.  :  SD4-4 

ERG  Sample  No.  :  04/123937 
Matrix:  SOIL 

Date  Sampled:  04-13-89 

_ Parameter _ 

-iALGaCAN  -  E 

ORGANIC  CHLORIDE 
ORGANIC  BROMIDE 
ORGANIC  IODIDE 

MOISTURE.  PERCENT 
■I  Ii_  AND  GREASE  BV  IN 


Result  Units 


<1.0  mg /Kg 

ND  (0.  10)  mg /Kg 

ND  (0.09)  mg  /Kg 

9  X 

99  mg /Kg 


-Sample  damaged 
-See  field  report  for  result 
-See  attached  report 
r-A-Result  not  applicable  to  test 


NO-Nondetected>  Detection  limit  in  (> 
<-Positive  result  at  an  unquantif iable 

concentration  below  indicated  level 


Thank  you  for  your  business. 
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ENVIRONMENTAL  RESEARCH  GROUP  INC 


117  N.  First  Ann  Arbor,  Michigan  48104  (313)  662-3104 


November  5,  1985 


Mr.  Andres  Lapins 
SAIC-JRB  Associates 
3400  Westpark  Drive 
McLean,  VA  22102 

Dear  Mr.  Lapins: 

Enclosed  please  find  tne  additional  information  relating  to  Project 
SAIC/JRB  McEntire  #A3383  which  you  requested. 

We  are  sorry  this  information  is  late  getting  to  you.  In  the  future, 

I  will  take  all  the  steps  necessary  to  ensure  all  the  data  gets  to  you 
on  a  timely  basis. 

If  you  have  any  further  questions,  please  do  not  hesitate  to  call. 

Very  truly  yours,  , 


Arthur  Czabaniuk 
Laboratory  Director 


Enel . 


Ann  Arbor 


Chicago 


Cleveland 


San  Francisco 


Minneapnlis-St.  Pani 


QUALITY  CONTRGL  REPORT 


Submitted  to: 


JRB  Associates,  Inc. 
8400  Westpark  Drive 
McLean,  VA  22102 


Attention: 

Project  Number: 

Date  Samples  Received: 
Oate  Samples  Extracted: 
Date  Samples  Analyzed: 
Methodology  Employed: 

Sample  Quality  Control: 


Validity  of  Quality 
Control  Results: 


Andra  Lapins 
A3383  Reference: 


JRB  McEntire 

September  13,  1985 

No  Extraction 

September  17  -  20,  1985 

Purgeable  Halocarbon  EPA  Method  601  and 
purgeable  aromatics  EPA  Metnod  602. 

ERG's  QA/0C  requires  a  duplicate,  method 
spike  and  blank  with  each  group  of  samples 
or  with  every  10  samples,  whichever  i«  larger 


Overall  the  results  of  the  method  spikes  and 
the  relative  differences  of  the  duplicates 
were  within  EPA  Method  601  and  602  acceptabil 
1 imits. 


Sample  Analysis/Positive  Identifications 
on  Puryeable  6U 1/602  Compounds 
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Attention: 
Project  Number: 


JRB  Associates,  Inc. 

8400  Westpark  Drive 
McLean,  VA  22102 

Andra  Lapins 

A3383  Reference:  JRB  McEntire 


Oate  Samples  Received: 
Date  Samples  Extracted: 
Date  Samples  Analyzed: 
Methodology  Employed: 


September  13,  1985 

No  Extraction 

September  17  -  20,  1985 

Purgeable  Halocarbon  EPA  Method  501  and 
purgeable  aromatics  EPA  Method  502. 


Sample  Quality  Control:  ERG's  QA/OC  requires  a  duplicate,  Tiet.nod 

spike  and  blank  with  each  group  of  samDles 
or  with  every  10  samples,  whicnever  is  1arge 


Validity  of  Quality 

Control  Results:  Overall  the  results  of  the  method  spikes  ano 

the  relative  differences  of  the  duplicat 
were  within  EPA  Method  501  and  502  acceo 
1 imits. 
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This  (JC  report  covers  the  following  sample  numbers:  136543-136548,  136559,  136562,  136563,  136566-136568 
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QUALITY  CONTROL  REPORT 


Submitted  to:  JRB  Associates,  Inc. 

8400  Westpark  Drive 
McLean,  VA  22102 

Attention:  Andra  Lapins 

Project  Number:  A3383  Reference:  JRB  McEntire 

Date  Samples  Received:  September  13,  1985 

Date  Samples  Extracted:  No  Extraction 

Date  Samples  Analyzed:  September  17  -  20,  1985 

Methodology  Employed:  Purgeable  Halocarbon  EPA  Method  601  and 

purgeable  aromatics  EPA  Method  602. 

Sample  Quality  Control:  ERG's  QA/0C  requires  a  duplicate,  method 

spike  and  blank  with  each  group  of  samples 
or  with  every  10  samples,  whichever  is  larger. 

Validity  of  Quality 

Control  Results:  Overall  the  results  of  the  method  spikes  and 

the  relative  differences  of  the  duplicates 
were  within  EPA  Method  601  and  602  acceptability 
1 imits. 
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2600  Bull  Street 
Columbia,  S.C.  29201 


CoadaioMr 
Robert  S.  Jackson,  M.D 


South  Carolina  Department  of  Health 
and  Environmental  Control 


Board 

Moses  H.  Clarkson,  Jr..  Chairman 
Leonard  W.  Douglas.  M.D.,  Vice-Chairman 
Gerald  A.  Kaynard,  Secretary 
Barbara  P.  Muessle 
Oren  L.  Brady.  Jr. 

James  A.  Sprujll,  Jr 
William  H.  Hester,  M.D. 


January  4,  1985 


Mr.  Andris  Lapins 
J.R.B.  Associates 
8400  Westpark  Drive 
McLean,  VA  22102 

Dear  Mr.  Lapins: 

As  requested  during  our  conversation  on  January  3,  1985  concerning  the  proposed 
monitoring  wells  to  be  installed  at  McEntire  National  Guard  Air  Base,  Richland  County, 
please  find  enclosed  a  copy  of  the  SCDHEC  publication  Ground-Water  Monitor  Wells: 
Location  and  Construction  Methods.  . . 

I  trust  this  information  will  be  of  assistance  to  you.  If  you  should  have 
any  questions  concerning  this  matter,  please  do  not  hesitate  to  call  me  at  (803) 
758-5213. 

The  Department  requests  that  a  copy  of  the  final  report  outlining  the  well 
locations,  construction  and  hydrogeologic  data  derived  from  the  drilling  and  initial 
sampling  be  submitted  upon  completion  of  the  project.  Although  the  monitoring  well 
data  reporting  requirement  is  not  mandatory  at  this  time,  the  requested  information 
will  enhance  the  Department's  knowledge  of  the  hydrogeology  of  this  area  and  serve 
as  reference  for  any  future  discussions  which  may  arise  between  the  facility  and 
SCDHEC. 


If  the  Ground-Water  Protection  Division  may  lend  any  technical  assistance  during 
the  course  of  this  project,  please  feel  free  to  call. 


Sincerely, 

. 


..... 


CRC/km 


Charles  R.  Clymer,  Geologist 
Ground-Water  Protection  Division 


RECEIVED  JAN  1  0  1985 
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INTRODUCTION 


Good  quality  ground  water  is  one  of  South  Carolina's  major  attractions 
for  industry  and  urban  development.  Conversely,  South  Carolina's  ground 
waters  are  increasingly  being  threatened  by  the  development  which  it 
attracts  through  the  associated  practice  of  land  disposal  of  wastes. 
Presently,  the  South  Carolina  Department  of  Health  and  Environmental 
Control  reviews  an  average  of  fifteen  (15)  applications  for  land  treat¬ 
ment/di  sposal  facilities  per  month. 

Clean-up  of  contaminated  ground  water  is  extremely  costly  ana  if 
allowed  to  occur  naturally  C3n  take  centuries.  Therefore,  at  ’and 
disposal,  facilities,  it  is  necessary  to  monitor  ground-water  quality  for 
the  purpose  of  providing  a  check  on  the  effectiveness  of  waste  renovation 
and  to  serve  as  an  early  warning  system  to  aid  in  prevention  of  continued 
pollution  of  ground  water. 

Ground-water  monitoring  is  best  accomplished  through  the  proper 
installation  of  permanent  wells  (monitor  wells),  constructed  solely  for 
the  purpose  of  monitoring  water-level  fluctuations  and  obtaining  ground- 
water  samples  for  analysis.  Figure  1  illustrates  a  typical  ground-water 
quality  monitor  well.  This  report  deals  with:  State  authority  to 
require  ground-water  monitoring;  where  and  how  monitor  wells  should  be 
located  at  the  disposal  site;  type(s)  of  materials  used  for  monitor  well 
construction;  and  methods  for  monitor  well  installation. 

The  monitor  well  location  and  construction  methods  are  presented  in 
this  report  as  guidelines  since  each  monitoring  site  is  variable  in 
geonydrologic  conditions  affecting  pollution  plume  migration  and 
detection.  Also,  through  aquisition  and  evaluation  of  more  detailed 
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cap  (vented  and/or  locking 
where  necessary) 


site  information,  i.e., 'drill  cuttings  and  monitoring  data,  well  location 
and  construction  can,  and  should,  be  modified  to  more  accurately  achieve 
the  objective  of  detecting  any  subsequent  ground-water  alteration. 

Due  to  the  complexity  and  expense  involved  in  developing  a  profi¬ 
cient  ground-water  monitoring  program,  qualified  ground-water  consultants 
should  be  utilized  for  the  determination  of  well  locations  and  the 
interpretation  of  measured  data,  and  a  cualified  driller  should  be  used 
for  actual  well  construction. 

Laws  Governing  Protection  of  Cround  Water 

Two  state  laws,  the  S.C.  Pollution  Control  Act  and  the  S.C.  Hazardous 
Waste  Management  Act,  empower  the  S.C.  Department  of  Health  and  Environ¬ 
mental  Control  (SCDHEC)  to  protect  South  Carolina's  ground  water  from 
pollution  by: 

1.  reouiring  persons  proposing  new  discharges,  disposal 'systems 
or  increasing  existing  systems  to  submit  sufficient  hydrologic 
and  environmental  information  to  enable  SCDHEC  to  determine 
that  ground-water  duality  standards  will  not  be  violated 
(48-1-100  and  R. 61-79. 10  D,  Code  of  Laws  of  South  Carolina, 

1976,  as  amended). 

2.  reouiring  the  owner/operator  of  any  waste  disposal  system  to 
install,  use,  and  maintain  monitoring  ecuipment  or  methods  and 
to  sample  and  analyze  discharges  in  accordance  with  prescribed 
methods,  at  locations,  intervals,  and  procedures  as  SCDHEC 
shall  prescribe  (4C- 1-50(22)  and  R. 61-79. 2L,  Code  of  Laws  of 
South  Carolina,  1976,  as  amended). 
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Purpose  for  Monitoring  Land  Treatment  Facilities 

The  overall  purpose  of  monitoring  ground-water  quality  at  land 
treatment/disposal  sites  is  to  provide  a  check  on  the  land  renovative 
performance  and  to  provide  an  early  warning  system  for  ground-water 
contamination,  which  would  allow  corrective  action  to  be  taken  to 
prevent  further  degradation  and  insure  that  a  health  hazard  does  not 
ari se. 

Specifically,  the  ground-water  monitoring  program  may  be  designed 
to: 

1.  provide  background  ’water-quality  data  prior  to  disposal  site 
use; 

2.  demonstrate  the  presence  or  absence  of  ground-water  contamination; 

3.  protect  present  and  future  ground-water  users; 

4.  collect  data  to  implement  a  ground-water  clean-up  program; 

5.  collect  data  to  develop  design  criteria  for  future  land-disposal 
sites. 

LOCATION  OF  MONITOR  WELLS 

Prior  to  designing  a  ground-water  monitoring  program,  a  geohydrologic 
evaluation  of  the  area  to  be  monitored  is  necessary.  The  evaluation 
should  consist  of:  a  review  of  existing  hydrologic  data,  review  of  site 
nistory,  soil  maps,  aerial  photographs,  available  water-well  data  within 
a  quarter  mile,  and  a  field  investigation  to  determine  site-specific 
hydrological  conditions.  The  geohydrologic  evaluation  should  provide 
detailed  information  about  the  depths  and  types  of  sediment  or  rock, 

relative  permeabilities,  depth  to  the  water  table,  any  confining  strata, 
and  relative  ground-water  gradients. 
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The  location  of  a  monitor  well  in  relation  to  the  pollutant  source(s) 
determines  its  effectiveness  in  providing  adequate  information  as  to 
ground-water  qual ity. 


Areal  Location 

A  ground-water  monitoring  program  should  generally  consist  of  one 
background  well  (located  hydraulically)  upgradient  from  the  disposal 
site  and  a  minimum  of  three  wells  (located  hydraulically)  downgradient 
from  the  discosal  sits,  'able  i  'Identifies  the  most  common  types  of 
land  treatment/disposal  facilities  along  with  the  '•eccmmenaed  minimum 
number  of  monitor  wells. 

To  enable  early  detection  of  contamination,  downgradient  monitor 
wells  should  be  located  in  the  direction  of  ground-water  flow  and 
adjacent  to  the  potential  pollution  source.  However,  if  the  purpose  of 
the  ground-water  monitoring  program  is  to  evaluate  the  extent  and  con¬ 
centration  of  an  existing  collution  plume  (as  in  the  case  of  enforcement 
monitoring),  a  network  of  monitor  wells  should  be  installed  both  perpen¬ 
dicular  and  parallel  to  ground-water  flow  directicn(s) . 

The  monitor  wells  should  be  installed  in  areas  easily  located, 
readily  accessible,  and  guarded  against  destruction  by  land  disposal 
activities . 


Depth  Location 

It  is  important  that  monitor  wells  are  constructed  to  ce  depth- 
discrete  and  sample  from  one  specific  saturated  zone  without  inter¬ 
connection  with  other  saturated  zones,  "icure  2  ^’’ustrates  the 


I 


VI 

(1> 


C 

5  *5 

Z 

4-  o 

z  •*- 

MJ 

i-  -A- 

05  "O 

z:  *a 

S  -o 

3 

Z  05 

i- 


£ 

3 

£ 


■o 

05 

-a 

c 

D 


3 

o 

a> 

cc 


-3 

C 

-a 

vi 

<D 


CJ 

13 


13 

'«* 

O 

Z- 

V5 


a 

'O 

V 

u 


■3 

C 

'O 


V5 

D 

3. 


3 

'O 


n 

c 


o  — 

05 


=  u 

3  O 


O" 

aj 

i. 

>» 


o  c 
r  2 


3 

Z  05 
O  ^ 
c-j  -a 

2 

13  13 
•-  C 
CJ  3 

05  o 

Q.  i. 
VP  CP 


VP 

0J 

3p 


• « 

V5 

V5 

3 

05 

aj 

-W 

u 

4. 

u 

S’ 

33 

z 

«  A  .« 

"3 

>  A 

13 

•  * 

•  A 

>  A 

—  2 

u 

2 

2 

2 

2 

a;  o 

o 

O 

O 

O 

O 

O 

VJ  a— 

i»  4- 

3 

u 

4- 

CJ 

<4. 

4- 

4> 

O  L. 

•y“ 

W 

1. 

L. 

W 

<J  u 

^m 

OJ 

»•— 

0? 

D 

OJ 

aj 

3 

aj 

3 

w 

w 

A-> 

• 

4-  T3 

13 

13 

13 

13 

13 

2 

AM 

r-  2 

4- 

2 

2 

2 

2 

O  I 

■3 

» 

*3 

.  A 

j 

•  * 

i 

i 

VI 

35  •O 

■3 

> 

“3 

33 

13 

o 

— '  3 

z: 

. 

— 

Z 

• 

13 

z 

• 

z 

« 

CL 

3 

V) 

3 

V5 

.  m 

13  V5 

3 

VI 

3 

V5 

3 

V) 

V? 

<rs  O 

*3 

A“ 

O 

"3  *— 

13 

" — 

O 

(— «» 

■  A 

U 

Z 

O 

(D  S~ 

c 

u 

C 

<D 

L. 

l_ 

,— 

<* 

05 

L. 

f~- 

u 

r— 

P3 

i-  35 

u 

V 

7M3  U 

W 

05  Z 

3 

05 

05 

4^ 

35 

05 

05 

05 

13 

2 

2 

13 

w  5 

.  A 

2 

S. 

*0 

2 

I 

33 

<*- 

VI 

<4. 

v> 

13 

4- 

VI 

13 

£ 

.Al+M 

-o  O 

cj 

>N 

O 

U 

W 

S  >1 

a 

CJ 

o 

—  o 

>> 

13 

CD 

A— 

Z 

L. 

v» 

a.  cr  +J 

CL 

• « 

c 

W  Oj 

05 

^  a 

z 

w 

aj 

13 

05 

z 

a 

w  z 

Zh 

AV 

13  O 

v» 

a 

»/5 

.-  o 

VI  Z. 

£= 

•—  z. 

•-  o 

VI 

ZJ 

V5 

C 

.  A 

o 

.A  OJ 

c  o 

<  A 

CL| 

C 

JZ  (0  •«- 

•m* 

3 

C 

T3  ■*- 

•*-  3 

W 

—  3 

13  ■’- 

3 

O 

13 

V5  3 

o  •— 

J- 

3 

05 

V5  05  4-> 

u 

V) 

•f— 

0)  4J 

U  V5 

13 

<4-  V5 

05  4-5 

u 

V5 

CL 

r~ 

05 

4J 

CJ  V5 

o  ^ 

0) 

(V) 

0-  u 

05 

VI 

5-  cj 

D 

0) 

■- _ » 

o.  cj 

05 

V» 

t. 

CJ 

CP  CJ 

aJ 

■*3 

4.  13  05 

4-> 

U 

<13 

13  D 

w  s- 

0. 

•o  D 

«j 

U 

■A* 

-4-k 

U 

V 

w  z 

«  A 

13  OJ 

u 

z 

“O 

-a  l. 

CJ 

OJ 

jZ 

w 

V  3 

>*-i 

D  D 

•- 

t_ 

CJ 

D 

-o 

3 

'• 

V5  05 

|AS 

A"  A 

2 

05 

0) 

ia—  3  a- 

13 

— i ) 

D  *^- 

-3 

w  w 

vl 

D 

•o 

w 

5> 

■M-  W 

V5 

OJ 

A-t 

u 

|  3  35  "3 

L. 

13 

4- 

35  *3 

-  -a 

o. 

—  13 

05 

33 

3 

*4- 

V5 

35  33 

u  g 

>w 

4-  33 

3 

4m> 

35  4- 

13 

2 

a 

w 

*3  2 

O 

v»  2 

4-» 

*0 

2 

o 

CJ 

L. 

v  2 

c 

3 

V5 

2 

a>  -a  05 

„z 

^  D 

13 

13  05 

••— 

13 

05 

•w 

o 

05 

13 

4. 

w  ~z  z 

CJ 

<a- 

JZ  Z 

O 

4>J 

*3  i- 

U 

JZ  C 

CJ 

4-> 

A-l 

.z 

CJ  4m 

o 

W  C 

2 

VA- 

o 

s-  u  o 

O 

c 

a  o 

o 

z 

05  3 

O  O 

O 

z 

v> 

U 

o 

■O  O 

3 

c  o 

o 

•*-  <D 

■w 

<D 

D 

CD 

2 

05 

z 

0) 

05 

u 

13 

OJ 

MM 

*•  Z 

D 

>> 

AJ 

a  >^*-> 

3  >* 

mJ  «_) 

U  C 

D 

5S4J 

Z 

z 

13  ^ 

f-M 

z 

13 

c 

L.  -O’ 

■w 

X 

13 

w  — ^ 

X 

13 

•w 

w 

X 

D 

-o 

-Z  w 

X  13 

■A— 

A 

SZL 

o  i.  z 

3 

•«m 

OJ 

k.  z 

-a  ■— 

0) 

O  •>— 

o- 

-C 

13 

•A- 

OJ 

w 

O. 

ZI 

J5  -1- 

“3 

D  -Z 

u 

>A 

AJ 

05  •*-> 

2 

^  ♦  4-» 

2  £ 

13  S 

0J  4-» 

2 

£ 

CJ 

OJ 

W 

05 

AV 

A» 

£ 

05 

CD  4- 

CD 

»— 

CD  •*- 

r— 

0-  -f- 

05 

«4- 

05 

r_~ 

4- 

05 

c 

A** 

V5 

•Z 

c 

'?  3  2 

aj 

X 

13 

—  3J 

*-J  X 

13 

3  X 

35 

•r-  05 

w 

X 

13 

L. 

•*A» 

05 

4->  X 

■f» 

13  05 

3 

X 

V5 

o 

CD 

3  i- 

v»  O 

05 

c  o 

U 

3  5- 

V) 

o 

05 

13 

3 

& 

vi  O 

, — 

05  l~ 

33 

3 

V5 

fl  cr  o 

fQ 

u 

4- 

3-  3 

13  t- 

13  i- 

■13 

cr  o 

u 

L- 

jZ 

3“ 

o 

13  i- 

z 

u  2 

C 

s- 

■A* 

»—  13  E 

2 

3. 

fO 

13  = 

2  d 

13 

S  a. 

£ 

2 

c. 

13 

(J 

<3 

2  Z. 

z 

rO  C5 

Z- 

AJ 

* 

hoj  n 

IT 

un 

Cj 

cnj  cn 

c  VP 

rH  Cvj  m 

"cvj"  rp 

LO 

CT 

C\i 

m 

IT 

UP  O 

Q 

Q 

s 

i— 

o 

■ 

■ 

i 

<4- 

*35 

05 

t- 

OJ 

33 

VI 

C 

o 

u 

V 

JZ 

33 

*— 

cp 

m 

m 

m 

PP 

IT 

rp 

3 

a 

V5 

V5 

05 

AJ 

V5 

'O 

2 

* 

05 

z 

>P 

aJ 

Iz 

V3 

w 

•— 

13 

'O 

13 

l-M 

33 

3 

■*» 

13 

CJ 

s- 

•* 

C 

« 

z 

3 

T> 

o 

13 

i 

D 

3 

w 

■« 

"3 

VP 

D 

13 

05 

AJ  . 

*A 

U 

2 

■A 

U2 

■a 

w 

Q 

3 

35 

— 

— 

2 

>> 

u» 

z 

'•4w 

o 

V5 

— * 

z 

*3 

_ 

3 

O 

*■“* 

z 

•w 

— 

O 

■o 

z. 

3J 

zz 

4« 

3S 

u 

(4- 

L. 

o 

3 

•«“ 

'w 

3 

33 

3 

o 

•» 

3. 

05 

V) 

z 

*4 

CP 

3. 

VP 

13 

5 

? 

3 

3 

13 

modified  after  Geraghty  J  Miller,  Inc.,  1982 


ground  surface 


igure  2.  Diagramatic  relationshiD  between  soil  moisture,  saturation  and  the  water  table. 
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relationship  between  soil  moisture,  saturation  and  the  water  table.  The 
depth  selection  of  the  screened  interval  of  the  monitor  well  requires 
consideration  of  hydrogeologic  conditions  and  contaminant  characteri sties . 

Contaminant  Characteristics 

When  ground-water  contamination  from  land  disposal  activities 
occurs,  pollutants  commonly  tend  to  be  more  concentrated  in  the  upper 
rone  of  saturation  (depending  upon  the  pollutant  density)  and  migrate  in 
the  direction  of  ground-water  flow,  as  indicated  in  Figure  3.  In  order 
to  provide  an  early  warning  of  contamination  the  screened  interval 
should  be  within  the  upper  portion  of  the  water-table  aquifer  (generally, 

5  ft.  below  the  water  table  is  sufficient).  When  sampling  -for  contaminants 
lighter  than  water  (such  as  hydrocarbons),  it  is  desirable  to  sample  at 
the  water  table  or  top  of  the  saturated  zone.  Lighter  pollutants  such 
as  hydrocarbons  tend  to  "float11  and  concentrate  near  the  top  of  the 
saturated  zone  as  indicated  in  Figure  4.  The  screen  or  intake  part  of 
the  well  should  then  extend  from  a  few  feet  above  to  a  few  feet  below 
the  mean  water  table  elevation  to  allow  for  seasonal  water-table  fluctu¬ 
ations.  If  the  purpose  of  the  monitoring  program  is  to  determine  the 
vertical  extent  and  contaminant  concentration  of  an  existing  leachate 
plume,  it  is  necessary  to  construct  a  well  cluster  (multiple  wells, 
closely  spaced,  at  varying  depths)  as  shown  in  Figure  5.  The  well 
cluster  is  commonly  utilized  when  ground  water  is  to  be  monitored  for  a 
dense  pollutant,  such  as  chloride,  which  tends  to  migrate  downward 
toward  the  base  of  the  aquifer. 
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modified  after  Geraghty  &  Miller,  Inc.,  1982 


A.  Contaminate  dcrc'ty  slightly  greater  than  ground-water  densi  ty. 


contami nant 
source 


water  table 


ground-water  flow 


Contaminate  density  greater  than  ground-water  sensity. 


contaminant 

source 


water  table 


* 

ground-water  flow 


Contaminate  density  much  greater  than  ground-water  density. 


contaminant 

source 


water  table 


ground-wate^ flow 
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Figure  3.  Diagramatic  effect  of  contaminate  density  on  olume  migration. 
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modified  after  Geraghty  &  Miller,  Inc..  1982 


figure  4.  Diagram  of  a  hydrocarbon  contaminant  plume  in  water-table  aquifer. 


5  to  10  feet 


shallow  intermediate  deep 
placement  placement  placement 


Figure  5.  Generalized  diagram  of  a  monitor  well -piezometer  cluster. 


Hydrogeologic  Conditions 


The  hydrogeologic  conditions  that  may  affect  movement  of  a  contaminant 
plume  and  hence  vertical  location  of  the  screened  interval  include: 
depth  to  water  table,  aquifer  thickness,  soil  permeability,  site  lithology, 
and  relative  hydrostatic  pressures.  Figures  6  &  7  indicate  how  these 
conditions  combine  to  govern  plume  migration.  The  following  conditions 
would  indicate  the  need  for  deep  screen  placement  and/or  utilization  of 
well  clusters: 

1.  potential  aquifer  recharge  area  (fig.  6); 

2.  down-gradient  monitor  well  distant  from  potential  pollution 
source  (fig.  6); 

3.  highly  permeable  soils; 

4.  deep  depth  to  water  table. 

The  following  conditions  would  indicate  the  need  for  snallow  screen 
placement: 

1.  ground  water  discharge  area  (fig.  7); 

2.  presence  of  shallow  confining  beds  (fig.  7); 

3.  shallow  depth  to  water  table. 

CONSTRUCTION  METHODS 

The  success  of  a  ground-water  monitoring  program  depends  on  the 
location,  design,  and  construction  of  the  monitor  wells.  Hence,  after 
determination  of  proper  well  locations,  it  is  extremely  important  that 
well  design  and  construction  be  accomplished  properly. 
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Figure  6.  Generalized  diagram  of  hydrogeologic  conditions  affecting  contaminant  plume 
migration,  suggesting  deep  screen  placement. 


Selection  of  Well  Construction  Material s 


Ground-water  monitor  wells  should  be  constructed  of  materials 
having  the  least  potential  for  affecting  the  parameters  to  be  sampled. 

The  well  design  should  assure  that  casing,  screen  materials,  and 
gravel  pack  be  compatible  with  the: 

1.  monitoring  program  — 

If  the  purpose  of  the  monitoring  program  is  limited  to  monitoring 
ground-water  elevations,  small  oiameter  =VC  .veils  (piezometers) 
are  sufficient. 

2.  monitoring  parameters  — 

In  most  cases,  PVC  (polyvinyl  chloride)  casing  and  screen  is 
preferable  to  other  materials  (Teflon,  metal  and  fiberglass) 
due  to  its  relative  low  cost,  wide  avai'abil ity,  and  relative 
chemical  inertness.  PVC  is  a  nonconductor  and  will  not  be 
involved  in  electrochemical  reactions  as  will  metallic  casing 
and  well  screens.  However,  PVC  may  be  unsuitable  when  sampling 
for  certain  organics,  as  chemical  interactions  and  absorption 
can  affect  the  quality  of  the  samples,  “o  specifically  avoid 
interference  from  PVC  joint  cement,  it  is  advisable  to  utilize 
screw-type  connections  when  joining  PVC  screens  and  casing 
lengths.  Table  2  identifies  the  most  common  types  of  land  treat¬ 
ment/di  sposa!  facilities  along  with  the  recommended  minimum 
monitoring  parameters. 
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TABLE  2.  Common  Types  of  Land  Treatment/Disposal  Facilities  and  the  Recommended  Minimum  Monitorinp  Parameters. 
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TAULt  2.  (coot. 


sampling  techniques  ~ 

Consideration  should  he  given  to  the  method  of  sample  retrieval 
prior  to  selection  of  casing  diameters.  Large  diameter  casing 
(4.  lr.cn)  is  generally  necessary  wnen  submersible  oumps  are 
utilized.  Generally,  2  ;ncn  diameter  casing  is  sufficient  wnen 
sample  retrieval  is  accomplisned  by  bailing,  suction  lift,  or 
gas  lift  devices.  For  information  concerning  sampling  tech¬ 
niques  refer  to  Ground-Water  Sampling  Methods:  SCDHEC, 

October  1981. 

aquifer  characteristics  — 

’he  casing  anc  screen  materials  snouic  ce  of  ample  strength  to 
withstand  normal  forces  encountered  during  and  after  well 
installation.  Normally,  when  not  sampling  for  organics, 
shallow  monitor  wells  (less  than  50  ft.  deep)  are  constructed 
utilizing  schedule  40  PVC  casing.  Deeper  installations  may 
require  schedule  80  PVC  casing  to  prevent  collapse  or  distor¬ 
tion  of  the  'well  casing.  When  down-hole  pressure  is  required 
to  install  casing  (or  drive  point),  metallic  casing  is  necessary, 
wel 1  screens  — 

Well  screens  snould  have  sufficient  lengtn  and  open  area  to 
permit  the  inflow  of  formation  water.  The  slot  openings 
should  be  small  enougn  to  keep  most  of  the  natural  *ormation 
out.  Any  sand  or  "gravel  pack"  utilized  around  the  screen  to 
reduce  sample  turbidity  or  to  increase  well  yield  should  not 
adversely  affect  the  quality  of  the  sampling  parameters.  In 
some  consolidated  formations  i.e.,  limestone  or  hard  rock,  well 
screens  are  not  needed  and  "oDen  hole”  monitor  wells  may  ce 
utilized  (fig .  3) . 
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figure  3.  Generalized  diagram  of  an  "open  hole"  monitor  well. 


Drilling  Methods 


The  drilling  method  best  suited  for  a  particular  site  is  based  on 
the  following: 

1.  hydrogeology  — 

a)  formation  characteristics; 

b)  desired  screen  depth  below  the  water  table; 

2.  parameters  to  be  sampled; 

3.  accessibility  of  the  site; 

4.  monitor  well  design; 

5.  availability  of  drilling  equipment. 

The  principles  of  operation,  advantages,  and  disadvantages  of  the 
more  common  drilling  techniques  suitable  for  constructing  ground-water 
monitor  wells  are  listed  in  Table  3.  A  detailed  discussion  of  various 
well  drilling  methods  is  given  in  Ground  'water  and  Wells,  1980,  published 
by  Johnson,  UOP  Incorporated. 


Well  Grouting 

Grouting  consists  of  filling  the  annular  space  between  the  bore 
hole  wall  and  the  well  casing  with  an  impervious  material.  Grouting  is 
necessary  to  secure  the  casing  in  place  and  to  protect  the  well  against 
entry  of  unwanted  water  from  the  surface  or  subsurface  so  a:  to  ensure 
depth  discrete  sampling. 

In  general,  positive  emplacement  of  grout  by  tremie,  pumping,  or 
pressure  is  necessary  for  all  wells  when  the  grout  is  tc  be  placed  below 
the  water  table  or  where  the  annular  space  to  be  filled  is  not  easily 
accessible  from  the  surface.  The  basic  grouting  procedure  entails 
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bucket  12 “-72"  90  ft.  Fast  Moderate  to  1.  Can  obtain  good  soil  1.  Hard  to  control  caving. 

Auger  expensive  samples.  2.  At  times  must  use  drilling  fluid. 

2.  Can  install  large  dia-  3.  Normally  very  large  operating 
meter  wells.  area  required. 
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DRILL  HOLE  MAX.  TIME  RELATIVE 
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placing  a  column  of  low  permeability  material  (usually  bentonite  or  neat 
cement)  above  the  well  screen  between  the  borehole  wall  and  the  well 
casing  and  then  placing  a  cement  collar  around  the  casing  at  the  surface 
to  prevent  surface  water  from  entering  the  borehole. 

Well  Development 

During  some  drilling  processes  the  sides  of  the  borehole  become 
smeared  and  sealed  with  formation  clays  and  drilling  muds.  Well  develop¬ 
ment  is  the  process  of  cleaning  the  face  of  the  borehole  and  the  formation 
around  the  outside  of  the  well  screen  to  permit  ground  water  to  flow 
readily  into  the  monitor  well  and  to  remove  foreign  substances  intro¬ 
duced  during  drilling. 

Development  is  essential  for  the  following  reasons: 

1.  to  increase  the  permeability  of  the  formation  adjacent  to  the 
borehole  to  permit  the  formation  water  to  flow  into  the  screen 
easily; 

2.  to  remove  clay,  silt  and  other  fines  from  the  formation  so 
that  during  subsequent  sampling  the  water  will  not  be  turbid 
or  contain  suspended  matter  which  can  interfere  with  parameter 
analysis. 

Some  typical  devices  used  for  the  development  of  monitor  wells  are: 

1.  surge  block  — 

A  surge  block  is  a  round  plunger  with  pliable  edges  such 
as  belting  that  will  not  catch  on  the  well  screen  as  shown  in 
Figure  9.  Moving  the  surge  block  forcefully  up  and  down  inside 
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the  well  screen  causes  the  water  to  surge  in  and  out  through  the 
screen  accomplishing  the  desired  cleansing  action. 

A  surge  block  is  commonly  hand  ooerated  or  used  with 
cable-tool  drilling  eauipment. 

2.  compressed  air  — 

In  this  method,  air  is  applied  to  the  well  intermittently 
and  the  water  is  alternately  raised  and  lowered  inside  the 
casing,  producing  the  desired  agitation.  Finally,  Plowing  :he 
water  out  of  the  casing  removes  tne  fines  brougnt  into  the 
screen  by  the  agitating  action. 

3.  pumping  — 

In  formations  which  are  sufficiently  permeable  to  allow 
continuous  pumping,  extensive  pumping  for  removal  of  fines 
from  the  formation  and  the  monitor  well  is  suitable. 

Well  Disinfection 

Ground-water  monitor  wells  should  be  disinfected  when  the  sample 
parameters  include  bacteriological  analyses.  Disinfection  is  accomplished 
by  pouring  an  appropriate  quantity  of  chlorine  solution  (table  4)  into 
the  well  and  mixing  the  solution  in  the  well  with  a  bailer  type  device. 
Agitation  by  the  bailer  will  force  some  of  the  solution  into  the  water 
bearing  formation  around  the  well  to  remove  contaminants  introduced 
during  well  construction.  The  bailer  should  then  be  filled  in  the  well 
and  the  chlorine  solution  poured  along  the  inside  walls  of  the  casing  to 
disinfect  that  part  of  the  veil  above  the  static  water  level. 

The  chlorine  solution  should  be  allowed  to  stay  in  the  well  at 
least  12  hours  prior  to  removal.  During  removal  of  the  chlorine  solution. 
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chlorine  residual  should  be  checked  and  well  evacuation  continued  until 
no  residual  is  detected.  After  removal  of  the  chlorine  solution,  the 
well(s)  should  be  allowed  to  stabilize  for  at  least  two  weeks  prior  to 
sampling  for  bacteria. 
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TABLE  4  —  Chlorine  Compound  Required  to  Dose  100  Feet 
of  Water-Filled  Well  at  100  ppm**  (from  USEPA,  1976) 


1 

2 

3 

4 

5 

Chlorine  Compounds 

Casing 
diame ter 
( inches) 

Volume 

100  ft. 
(gals.) 

70%  HTH, 
Perchloron , 
(dry  weight)* 

25%  Chloride 
of  Lime 
(dry  weight)* 

5.25%  Purex, 
Clorox,  etc. 
(liquid  measure) 

2  . 

16.3 

1/2  oz. 

1  oz. 

4  oz. 

4 . 

65.3 

2  oz. 

4  oz. 

18  oz. 

6  . 

146.9 

4  oz. 

8  oz. 

40  oz. 

8 . 

261.1 

6  oz. 

14  oz. 

4  1/4  pts. 

10  . 

.  408.0 

8  oz. 

22  oz. 

7  pts. 

12 . 

587.5 

12  oz. 

2  lbs. 

10  pts. 

16  . 

1,044.5 

20  oz. 

3  1/2  lbs. 

2  gals. 

20 . 

1,632.0 

2  lbs. 

6  lbs. 

3  1/3  gal  s. 

24 . 

.  2,350.1 

3  lbs. 

8  lbs. 

4  2/3  gals. 

Note:  Liquid  sodium  hypochlorite  in  a  12  percent  solution  is  often 

sold  for  water  and  wastewater  treatment  plant  use,  as  a  commer 
cial  bleach,  or  for  use  with  swimming  pools.  Utilizing  a 
solution  of  this  nature  would  call  for  a  liquid  measure  equal 
to  one-half  the  volumes  presented  in  Column  5. 

•Where  a  dry  chemical  is  used  it  should  be  mixed  with  water 
to  form  a  chlorine  solution  prior  to  placing  it  into  the 
wel  1 . 

**EPA  recommends  a  minimum  concentration  of  100  ppm  available 
chlorine. 
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SOUTH  CAROLINA 


CtMsJftcatJon-Within  the  South  Carolina  Pollution  Control  Act,  “water'  is  defined  to  include  underground  water. 
Within  the  South  Carolina  Water  Classification  Standards,  ground  water  is  defined  to  mean  ‘any  water  occurring 
below  the  water  table  within  the  zone  of  saturation.'  Currently  there  is  no  ground-water  classification  system  in 
effect.  The  Department  of  Health  and  Environmental  Control  is  developing  a  classification  system  which  is  based 
on  water  quality. 

Quality  Standard*— South  Carolina  has  not  adopted  numenca!  quality  standards  that  are  applied  specifically  to 
ground  water.  The  South  Carolina  Water  Classification  Standards  provide  that  existing  high  quality  ground  waters 
are  protected  through  a  non-degradation  approach.  The  ground-water  classification  system  which  is  currently 
being  developed  is  expected  to  be  referenced  to  the  state  drinking  water  standards. 

Drinking  Water  Standards— The  Department  of  Health  and  Environmental  Control  has  adopted  drinking  water 
standards  that  are  identical  to  the  federal  primary  and  secondary  drinking  water  standards.  These  standards  are 
applicable  to  all  potable  ground  water  uses  except  for  individual  domestic  use. 

Appropriation-There  is  no  statewide  permit  system  for  appropriation  of  ground  water  and,  at  present,  the 
Supreme  Court  of  South  Carolina  has  not  decided  the  common  law  as  to  appropriation  of  ground  water.  The 
Ground  Water  Use  Act  of  1 969,  through  provisions  for  the  designation  of  Capacity  Use  Areas  (see  Controlled  Use 
Areas)  and  regulations  applicable  wtririn  these  Caoaoty  Use  Areas,  -a presents  the  only  statement  cf  law  with 
regard  to  appropriation  and  use  of  giound  water  :n  tne  state. 

Regulations  to  implement  the  Water  Use  Reporting  and  Coordination  Act  (Section  49—4—10.  at  seq.  South 
Carolina  Code  of  Laws.  1976,  as  amended)  are  currently  before  the  South  Carolina  General  Assembly  for 
aoprovai.  While  this  statute  does  not  create  a  regulatory  program  with  regard  to  ground  water  use  per  se,  the  Act 
requires  periodic  reporting  of  alt  water  use  in  excess  of  100,000  gallons  per  day,  including  ground  water  use. 
Information  to  be  reported  includes  well  siting,  depth,  amounts  of  water  used,  and  purpose  of  use.  In  addition,  well 
driller*  logs  are  required  to  be  submitted  to  the  Commission  for  any  water  well  drilled  which  has  a  casing  diameter 
of  four  inches  or  greater. 

Controlled  Uee  Areee-The  Ground  Water  Use  Act  of 1969  provides  for  the  establishment  of  Capacity  Use  Areas. 
Currently  two  such  areas  have  been  designated;  both  are  located  in  coastal  areas.  Within  Capacity  Use  Areas,  all 
ground-water  withdrawals  greater  than  100,000  gallons  per  day  must  be  permitted  by  the  Water  Resources 
Commission.  All  other  ground-water  uses  other  than  individual  domestic  uses  are  required  to  submit  well  and 
pumpage  data  to  the  Water  Resources  Commission. 

Well  Constructlon-Th e  Department  of  Health  and  Environmental  Control  has  adopted  a  well  construction 
permitting  system  and  wail  construction  standards  for  all  potable  supply  wells  other  than  individual  domestic  uses. 
Also,  the  Department  is  currently  developing  construction  standards  which  will  be  applicable  to  all  walls. 

Underground  Injection  Control-South  Carolina  is  seeking  primacy  for  the  federal  UIC  program.  The 
Department  of  Health  and  Environmental  Control  is  developing  regulations  which  it  intends  to  submit  for  EPA 
approval.  These  regulations  provide  for  a  proposed  ban  on  Class  I  and  IV  wells.  Pursuant  to  statutes  governing 
exploration,  drilling,  production,  and  transportation  of  oil  and  natural  gas  within  the  state  (Section  48-43-10  et 
seq.  Code  of  Laws  of  South  Carolina  1976,  as  amended),  the  Water  Resources  Commission  has  promulgated 
regulations  concerning  enhanced  recovery  of  oil  and  natural  gas.  These  regulations  are  codified  as  R. 121-8  et 
seq.  Code  of  Laws  of  South  Carolina,  1976,  as  amended.  While  the  Commission  has  issued  permits  tor  oil  and 
natural  gas  exploration,  to  date  no  actual  drilling  or  oil  production  has  been  commenced. 

Wasta  Management  Facllftlea-Solid  and  hazardous  waste  programs  are  administered  by  the  Bureau  of  Solid 
and  Hazardous  Waste  Management  within  the  Department  of  Health  and  Environmental  Control. 

Solid  Waata-The  South  Carolina  Landfill  Regulation  does  not  set  forth  minimum  ground-water  monitoring 
requirements.  It  provides  within- facility  siting  requirements  that  disposal  location  sites  shat!  ‘prevent  water 
pollution."  It  also  states  that  the  site  design  engineering  report  should  indicate  ‘observation  test  wells  which 
will  reveal  reliable  data  or  ground-water  contamination  where  deemed  necessary  by  the  State  Board  of 
Health’  and  ‘prevent  leachate  from  entering  the  surface  or  ground-water." 

Hazardous  Wests  South  Carolina  has  received  interim  status  authorization  for  RCRA  Phase  I  and  is 
seeking  Phase  II  authority.  The  South  Carolina  Hazardous  Waste  Management  Regulations!  ground-water 
monitoring  requirements  stipulate  that  after  baseline  ground-water  quality  has  been  established,  samples 
shaft  be  comprehensively  analyzed  annually  and  a  minimum  analysis  conducted  quarterly.  In  addition  to 
specific  parameters  which  are  presented,  these  regulations  provide  the  requirement  tor  determining  the 


presence  of  volatile  organic  constituents  as  determined  by  a  gas  chromatography  scanning  for  the 
comprehensive  analysis,  and  two  pnncipai  metals  (ones  found  in  the  largest  quantities  or  which  best  serve  as 
indicators)  for  the  minimum  analysis. 

Sole  Source  Aquifers— Thera  are  none  at  this  time. 


Geological  Surveys- 

Geological  Survey 
Budget  ana  Control  Boara 
Harbison  Forest  Road 
Columbia.  SC  29210 
803-758-6431 
State  Geologist: 

Mr.  Norman  K.  Olson 


Water  Resources  Division 
U.S.  Geological  Survey 
Strom  Thermond  Federal  Bldg. 

Suite  658 
1835  Assembly  St. 

Columbia.  SC  29210 
803-765-5966 
District  Chief: 

R.N.  Cherry 


Referencse- 

South  Carolina  Ground-Water  Use  Act.  ’  969 

South  Carolina  'Water  Use  and  Reporting  Act.  ’976 
(Code  of  Laws  of  S.C.  49-4- to) 

South  Carolina  Pollution  Control  Act 
(Code  of  Laws  of  S.C.  48-t-iO) 

South  Carolina  Water  Classification  Standards 
(S.C.  Code  of  Regulations.  Ch.  61  and  68) 

Contacts- 

Mr.  Donald  A.  Duncan 
Ground  W&ter  Protection  Division 
Department  of  Health  and 
Environmental  Control 
2600  Bull  St. 

Columbia.  SC  29201 
803-758-5213 


South  Carolina  Landfill  Regulation 
(PC-SW  Regulation  1) 

South  Carolina  Hazardous  Waste  Management 
Regulations 

(DHEC,  Regulations  61-79) 


Mr.  Camille  Ransom 
Division  of  Hydrology 
Water  Resources  Commission 
PO.  Box  50506 
Columbia,  SC  29250 
803-758-2514 


Comments  provided  by  Paul  S.  League,  Legal  Counsel  to  South  Carolina  Water  Resources  Commission,  in  a 
letter  dated  6  April  1983. 
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Monitoring  Requirements 

Drinking  Water  Standage - 

Parameter  -  Solid  Hazardous 

(mg/I  unless  noted)  Federal  State  Quality  Standards  Waste  Waste 


Arsenic 

0.05 

0.05 

M 

Bahum 

1.0 

1.0 

M 

Cadmium 

0.010 

0.010 

M 

Chromium 

0.05 

0.05 

M 

Lead 

0.05 

0.05 

M 

Mercury 

0.002 

0.002 

M 

Selenium 

0.01 

0.01 

M 

Silver 

0.05 

0.05 

M 

Fluoride 

1 .4-2.4 

1. 4-2.4 

M 

Nitrate  (as  N) 

10.0 

10.0 

M 

Endrin 

0.0002 

0.0002 

M 

Undane 

0.004 

0.004 

M 

Methoxychlor 

0.1 

0.1 

M 

Toxaphene 

0.005 

0.005 

M 

2,4-D 

0.1 

0.1 

M 

2.4,5-TP  Silvex 

0.01 

0.01 

M 

Trihalomethanes 

0.10 

0.10 

Turbidity  (TU) 

1  or  5' 

1  or  5* 

Coliform  bacteria  — 
membrane  filter 

test  (#/lOO  ml) 

1  or  4 

1  or  4 

M 

Gross  alpha  (pCi/l) 

15 

15 

M(R) 

Combined  Radium  226 

and  Radium  228 

5 

5 

M(R) 

Beta  and  photon 
particle  activity 

(mrem/yr) 

4 

4 

M(R) 

Chloride 

250 

250 

Color  (units) 

15 

15 

M 

Copper 

1 

1 

M 

Corrosivity 

Noncorrosive 

Noncorrosive 

M 

Foaming  agents 

0.5 

0.5 

M 

Iron 

0.3 

0.3 

M 

Manganese 

0.05 

0.05 

M 

Odor  (threshold  no.) 

3 

3 

M 

pH  (units) 

6.5-8.S 

6.5-S.5 

M 

Sulfate 

250 

250 

M 

Total  dissolved  solids 

500 

500 

M 

Zinc 

5 

5 

M 

Specific  conductance 
(ixmhos/cm) 
Temperature  (C) 

Dissolved  organic  cartoon 

Beryllium 

Cyanide 

Nickel 

Phenol 

Organic  constituents 


M 

M 

M 

M 

M 

M 

M 

M 


Note:  (*)  denotes  surface  water  only. 

“M"  denotes  monitoring  requirement.  See  text  and  Section  4.3. 

■M(R)"  denotes  monitoring  not  required  if  the  facility  does  not  treat,  store,  or  dispose  of  waste  containing 
radioactive  substances. 
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EDUCATION 

Manhattan  College:  B.C.E.  ,  Civil  Sanitary  Engineering  (  1955) 


SUMMARY 


Mr.  Meade  has  26  years  of  experience  in  sanitary,  industrial  hygiene,  and 
bioenvironmental  engineering,  and  i3  certified  as  an  Associate  Public  Health 
Engineer  in  the  State  of  New  York.  He  is  a  Senior  Project  Manager  at  SAIC, 
working  as  a  senior  technical  reviewer  for  a  multi-task  contract  for  remedial 
actions  on  uncontrolled  hazardous  waste  sites.  He  joined  SAIC  as  the  Project 
Manager  of  a  Department  of  Labor  (DOL)  contract  to  provide  OSHA  with  on-site 
consultation  services  to  assist  small  businesses  in  Pennsylvania. 

Mr.  Meade,  under  the  terms  of  an  EPA  contract  addressing  the  investigation  of 
remedial  actions  of  uncontrolled  hazardous  waste  sites,  has  functioned  as  one  of 
SAIC's  senior  technical  reviewers.  One  of  his  assigned  tasks  is  to  review  the 
majority  of  twenty  detailed  case  study  analyses  selected  from  an  inventory  of 
nationwide  remedial  actions.  The  sites  were  selected  based  upon  their  overall 
priority  and  the  remedial  actions  were  evaluated  from  both  their  effectiveness 
in  meeting  the  objectives  of  the  site  action  and  also  from  a  cost  standpoint. 

He  is  also  the  Project  Officer  for  6  task  orders  under  this  contract,  involving 
various  hazardous  waste  research  &  development  studies. 

Mr.  Meade  is  presently  supporting  the  Manager  for  the  Waste  Management  Department 
and  shares  in  the  responsibility  for  monitoring  and  administering  a  $4  million 
EPA  R  &  D  mission  contract  chat  has  29  tasks.  He  also  manages  two  additional 
tasks  that  address  the  design  and  monitoring  of  protective  covers  for  hazardous 
waste  lagoons,  and  design  of  decontamination  equipment  and  procedures  for  use 
at  hazardous  waste  sices.  Mr.  Meade  was  the  Program  Manager  for  SAIC's  Basic 
Ordering  Agreement  with  Tyndall  AFB  to  perform  Phase  1,  3,  and  4  Installation 
Restoration  Program  tasks  at  Military  installations  throughout  the  country. 

Mr.  Meade  is  also  the  Program  Manager  for  a  large  multi-task  contract  with  the 
U.S.  Air  Force  Occupational  &  Environmental  Health  Laboratory  (USAFOEHL)  for 
Phase  II  Installation  Restoration  Program  confirmation  studies.  He  is  presently 
responsible  for  concurrent  Phase  II  efforts  at  6  Air  Force  installations.  In 
addition,  he  has  responsibility  for  performing  Quality  Assurance/Quality  Control 
and  functions  as  Senior  Health  and  Safety  Advisor  at  many  of  SAIC's  field 
efforts,  such  as  the  #1  rated  Superfund  site  in  Glosgow,  New  Jersey. 

Prior  to  joining  SAIC,  Mr.  Meade  was  an  Air  Force,  Colonel  and  Vice  Commander  of 
the  USAF  Occupational  and  Environmental  Health  Laboratory.  He  directed  and 
monitored  the  daily  efforts  of  150  professional  and  support  personnel,  including 
assisting  the  AIHA  certified  laboratory  to  ensure  compliance  with  applicable 
Federal,  State,  and  local  standards.  In  addition,  as  Chief  of  the  Consultants 
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Division,  he  had  Che  responsibilicy  for  managing  almost  fifty  environmental 
projects  for  the  Air  Force.  This  included  field  investigations  of  Air  Force 
installations  to  identify  potential  health  and  environmental  effects  from 
pollutants  as  well  as  making  recommendations  for  corrective  actions. 
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ANDRIS  LAPINS 


EDUCATION 

University  of  Pennsylvania:  M.R.P.,  Environmental  Planning  (1980) 
University  of  Pennsylvania:  Coursework  coward  M.S. ,  Geology 
Franklin  and  Marshall  College:  3. A. ,  Geology  (1973) 


EXPERIENCE 

i 

Mr.  Lapins  is  a  project  geologist  with  SAIC's  Waste  Management  Department.  His  i 

project  involvement  has  included:  project  and  task  management,  coordinating  j 

and  conducting  field  investigations  at  controlled  and  uncontrolled  hazardous 
waste  sites  including,  supervising  the  installation  of  groundwater  monitoring  ! 

wells  and  groundwater,  soil  and  sediment  sampling;  iata  analysis;  contaminant 
transport  assessment;  hydrogeologic  and  georaechnieal  evaluation;  and  alternative 
site  remediation  analysis. 

Mr.  Lapins  is  currently  a  Project  Manager  for  a  Department  of  Defense  (DoD)  , 
Installation  Restoration  Program  (IRP),  Phase  II  hazardous  materials  site 
investigation  at  McEntire  Air  National  Guard  Base,  S.C.  The  project  involves  . 

investigating  and  determining  the  magnitude  and  extent  of  contaminant  migration 
from  seven  disposal  sites;  involving  the  installation  of  twenty-three  groundwater  | 
monitoring  wells  and  the  sampling  of  contaminated  groundwater,  surface  water 
and  soils.  Mr.  Lapins  was  responsible  for  developing  all  phases  of  this  investi-  j 
gation  from  investigatory  approach  at  each  site  including:  monitoring  network  i 
design,  drilling,  well  specification  and  sampling  plan  preparation  to  costing,  j 
scheduling  and  staffing.  i 

Mr.  Lapins  recently  managed  a  task  for  EPA's  Emergency  Response  Division  which 
involved  updating  EPA's  "Acceptance  List"  for  dispersants  and  other  chemical 
countermeasures  for  oil  spills,  and  reformatting  technical  test  data  for  each 
product,  for  inclusion  in  Subpart  H  of  the  National  Contingency  Plan  as  Appendix 
C  of  40  CFR  300,  The  "Acceptance  List"  and  reformatted  technical  product  test 
data  bulletins  will  serve  to  facilitate  an  expeditious  selection  of  appropriate 
chemical  countermeasures  by  On-scene  Coordinators  in  EPA  Regional  offices  and  t 

U.S.  Coast  Guard  Districts  in  the  event  of  a  spill.  j 

Mr.  Lapins  also  managed  a  task  involving  the  preparation  of  a  Federal  Register  ! 
Notice  publishing  a  Final  Rule  amending  subpart  H  of  the  National  Oil  and 
Hazardous  Substance  Pollution  Contingency  Plan  (NCP)  (40  CFR  Part  300)  specifying 
a  process  in  which  dispersants,  surface  collecting  agents,  and  biological 
additives  may  be  added  to  EPA's  NCP  Product  Schedule.  As  weii  as  preparing  the 
text,  Mr.  Lapins  compiled,  evaluated,  and  addressed  public  comments  to  the  i 

proposed  regulation  for  inclusion  in  the  Finai  Rule. 
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Mr.  Lapins  has  had  considerable  experience  supervising  the  drilling  and  install¬ 
ation  of  groundwater  monitoring  wells,  and  with  conducting  groundwater  sampling 
and  soil/sediment  sampling.  Collectively,  he  has  played  a  supervisory  role  in 
projects  which  involved  the  installation  of  more  than  drilling  methods,  and  has 
performed  groundwater  sampling  of  more  than  90  wells  for  county  and  federal 
clients. 

For  the  U.S.  Army,  Mr.  Lapins  investigated  and  evaluated  3oil,  sediment,  and 
groundwater  contamination  resulting  from  munitions  manufacturing  activities  at 
two  Army  depots  in  Illinois  and  Tennessee.  His  involvement  in  these  DoD  IRP 
projects  included:  developing  novel  sampling  and  health  and  safety  procedures 
for  sampling  reactive  wastes,  coordinating  field  sampling  activities  with 
laboratory  activities  in  accordance  with  the  analytical  requirements  of  samples 
to  insure  accurate  analytical  results,  supervising  the  drilling  and  installation 
of  groundwater  monitoring  wells,  obtaining  core  and  grab  samples  of  sediments 
containing  high  concentrations  of  explosives,  groundwater  sampling,  geotechnical 
and  hydrogeologic  data  analysis,  remedial  action  evaluation,  and  final  report 
preparation. 

Mr.  Lapins  also  participated  in  an  IRP  Phase  II  hazardous  materials  site 
investigation  at  Hancock  Field,  N.Y. ,  for  the  U.S.  Air  Force.  His  involvement 
in  this  project  included  supervising  the  installation  of  groundwater  monitoring 
wells,  evaluating  analytical  results  for  sampling  activities  conducted  at  the 
base,  preparation  of  recommendations  for  additional  site  investigatory  and 
remedial  measures  needed  and  final  report  preparation. 

For  the  EPA,  Mr.  Lapins  supervised  the  drilling  and  installation  of  groundwater 
monitoring  wells  at  the  Lipari  Superfund  Site  in  New  Jersey.  His  responsibilities 
included  overseeing  well  drilling  and  installation  operations,  enforcement  of 
health  and  safety  protocol  (Level  A  Protection),  collection  and  characterization 
of  core  samples  and  the  maintenance  of  daily  logs.  Mr.  Lapins  also  participated 
in  a  study  of  groundwater  contamination  from  an  active  hazardous  waste  disposal 
site  in  Anne  Arundel  County,  Maryland,  where  he  performed  groundwater  sampling 
and  data  analysis.  His  involvement  with  groundwater  sampling  and  monitor  well 
installation  has  given  him  a  good  working  knowledge  of  EPA  and  U.S.  Array  Toxic 
and  Hazardous  Materials  Agency  quality  control/quality  assurance  and  chain  of 
custody  procedures. 

Mr.  Lapins  has  participated  in  two  IRP  Phase  I  investigations  at  Olmsted  AFB 
(Harrisburg  International  Airport)  and  Air  Force  Plant  PJKS  near  Denver,  CO  for 
the  U.S.  Air  Force.  For  these  projects  Mr.  Lapins  conducted  record  searches 
and  Investigated  past  hazardous  materials  management  practices  at  each  of  the 
bases;  conducted  site  surveys,  identifying  hazardous  material  disposal  sites, 
rated  sites  using  the  HARM  rating  methodology,  and  prepared  recommendations  for 
future  site  investigatory  measurers. 
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For  EPA's  Office  of  Policy  Analysis  (OPA),  Mr.  Lapins  provided  technical 
support  for  a  national  groundwater  contamination  modelling  effort.  For  this 
project,  Mr.  Lapins  developed  a  data  base  for  examining  and  evaluating  the  risk 
of  groundwater  contamination  and  health  effects  associated  with  the  use  of  road 
salts  for  highway  deicing  purposes.  The  results  of  his  analysis  will  be  compared 
with  other  sources  of  groundwater  contamination  for  relative  risk  assessment  to 
aid  EPA  in  developing  groundwater  protection  policy  for  the  nation. 

Mr.  Lapins  participated  in  an  EPA  project  to  evaluate  the  validity  and  accuracy  ! 
of  statistical  test  procedures  specified  in  40  CFR  265.93  of  RCRA  for  monitoring  J 

groundwater  quality  at  Interim  Status  facilities.  His  role  in  this  project  ! 

included:  reviewing  site  information  and  groundwater  analytical  data  for 
facilities  throughout  the  country,  providing  hydrogeologic  evaluations,  and 
data  coding  for  computer  analysis. 

For  the  EPA's  Office  of  Solid  Waste,  Mr.  Lapins  has  taken  part  in  the  development 
of  a  large  computerized  data  base  for  characterizing  wastes  and  assessing  waste 
management  practices  within  several  segments  of  the  Organic  Chemical  Manufacturing 
Industry.  The  data  base  which  characterizes  and  tracks  manufacturing  processes, 
residual  streams,  and  waste  management  practices  will  provide  technical  support 
to  EPA  for  the  development  of  industry  specific  guidelines  (RCRA  Phase  III 
regulations)  for  hazardous  waste  management.  Mr.  Lapins'  role  in  the  project 
has  included  reviewing  RCRA  3007  Questionnaires  and  sampling  and  analysis  data, 
and  coding  manufacturing  processes,  process  products,  residual  streams,  and 
waste  management  practices  for  chlorinated  organic,  industrial  organic,  dye  and 
pigment,  and  plastic  and  resin  manufacturing  industries.  Mr.  Lapins  also  aided 
In  che  establishment  of  a  computerized  status  matrix  for  the  EPA  to  track  the 
progress  of  RCRA  delisting  petitions  through  regulatory  review. 

Prior  to  joining  SAIC,  Mr.  Lapins  was  employed  as  an  environmental  scientist  by 
Ecolsciences ,  Inc.,  where  he  managed  task  assignments  and  prepared  report 
elements  for  EIS's  and  environmental  assessments  specializing  in  the  Inventory, 
analysis,  and  evaluation  of  geologic,  pedologic,  and  hydrologic  conditions  with  ! 
special  emphasis  on  groundwater  impact  assesments.  A  large  segment  of  his 
responsibilities  included  performing  siting  and  site  suitability/feasibility 
analysis  for  municipal  wastewater  treatment  facilities,  deep  well  wastewater 
injection  and  land  application  of  municipal  wastewater  and  sludge  at  sites  in 
Pennsylvania,  Maryland,  and  Delaware.  In  addition,  Mr.  Lapins  participated  in 
the  development  of  environmentally  sensitive  growth  management  plans  for  Stafford 
Township,  Ocean  County,  New  Jersey. 
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PUBLICATIONS 


Installation  Restoration  Program  Phase  I 
Plant  PJKS  Waterton,  Colorado.  U.S.  Air 
and  ASD/PMD  Wright-Patterson  AFB,  Ohio. 


-  Records  Search,  Final,  Air  Force 
Force  AFESL/DEV,  Tyndal  AFB,  Florida 
September,  1984. 


Installation  Restoration  Program  Phase  I  -  Records  Search,  Harrisburg  Inter¬ 
national  Airport  'Formerly  Olmsted  A_ir  Force  Base)  Middletown,  Pennsylvania. 
U.S.  Air  Force  AFESL/DEV,  Tyndall  .AFB,  Florida.  April,  1984. 

Installation  Restoration  Program  Phase  II  -  Conf irraation/Quantif ication , 
Stage  I,  Final  Report,  for  Hancock  Field,  New  York.  U.S.  Air  Force,  OEHL, 
Brooks  AFB,  Texas.  December,  L984. 


Draft  Environmental  Impact  Statement,  Currituck  County,  North  Carolina  Outer 
Banks  Access.  Department  of  Transportation,  Raleigh  North  Carolina.  March, 


1981. 


Environmental  Assessment  of  Construction  Grants  Projects  (revisions). 

U.S.  Environmental  Protection  Agency,  Office  of  Water  Program  Operations, 
Washington,  D.C.  January,  1979. 

Draft  Environmental  Impact  Statement,  Little  Patuxent  Water  Quality  Management 
Center  (Savage  Plant),  Howard  County,  Maryland.  U.S.  Environmental  Protection 
Agency,  Philadelphia,  Pennsylvania.  October,  1981. 

Draft  Environmental  Impact  Statement,  Leola  Sewer  Authority  Facilities  Plan, 
Upper  Leacock  Township,  Pennsylvania.  U.S.  Environmental  Protection  Agency, 
Philadelphia,  Pennsylvania.  October,  1981. 

Draft  Environmental  Impact  Statement,  Wastewater  Management  Facilities,  City  of 
Rehoboth  Beach,  Sussex  County,  Delaware.  U.S.  Environmental  Protection  Agency, 
Philadelphia,  Pennsylvania.  January,  1982. 


Draft  Environmental  Impact  Statement,  Wastewater  Management  Facilities,  City 
of  Lewes,  Sussex  County,  Delaware.  U.S.  Environmental  Protection  Agency, 
Philadelphia,  Pennsylvania.  October,  1981. 
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EDWARD  W.  RE PA 


EDUCATION 

West  Virginia  University,  Ph.D.  Hydrology  (1981) 
West  Virginia  University,  M.3.F.  hydrology  ( i 9 7 7 ) 
Baldwin- Wallace  College,  3.S.  3iology  (1975) 


EXPERIENCE 

Dr.  Repa  is  currently  a  Program  Manager  in  the  Applied  Technologies  Division  of 
Che  Waste  Management  Department.  In  this  capacity,  he  directs  the  efforts  of 
geologists,  hydrologists,  soil  scientists  and  environmental  scientists  on  pro¬ 
jects  directed  at  resolving  hazardous  waste  management,  technical  and  policy 
issues.  Dr.  Repa  is  currently  managing  approximately  SI. 5  million  in  tasKs 
under  the  Air  Force's  Installation  Restoration  Program  and  Si..)  million  in 
tasks  under  a  task  arder  contract  with  EPA’s  Office  of  Research  and  Development. 

Dr.  Repa  is  currently  Project  Manager  (PM)  and  Principal  Investigator  (PI)  on 
two  Superfund  research  and  development  programs.  One  program  is  being  performed 
at  the  Lipari  Landfill  in  Pitman,  NJ  (Superfund  Site  Number  1)  to  assess  the 
performance  of  Che  slurry  wall  and  surface  cap  installed  as  the  remedial  action. 
The  other  program  is  being  performed  at  the  Western  Processing  Site  in  Kent,  WA 
(Superfund  Site  Number  48)  to  assess  Che  effectiveness  of  the  asphalt  surface 
cap  in  minimizing  groundwater  recharge. 

Dr.  Repa  is  the  PM  for  an  EPA  project  that  is  developing  a  manual  on  proven  and 
innovative  technologies  for  controlling  the  migration  of  hazardous  waste  leachate 
plumes.  He  led  and  developed  one  of  the  chapters  of  this  manual  entitled  Ground- 
water  Pumping.  This  chapter  dealt  with  all  aspects  of  well  systems  for  plume 
control  including  well  theory,  design.  Installation,  and  costs.  He  is  also 
serving  as  a  Senior  Technical  Reviewer  for  the  other  chapters:  Plume  Dynamics, 
Plume  Delineation,  Control  Technology  Selection,  Subsurface  Drains,  Impermeable 
Barriers,  and  Innovative  Technologies. 

Dr.  Repa  is  also  managing  or  has  managed  numerous  projects  under  the  Air  Force's 
Installation  Restoration  Program  (IRP).  These  include  both  Phase  I-Records 
Search  and  Phase  II-Conf irraation/Quantif ication  projects.  IRP  projects  that  he 
has  participated  in  include:  Phase  I — Olmsted  AFB,  Harrisburg,  PA;  Air  Force 
Plant  PJKS,  Waterton,  CO;  Air  Force  Plant  44,  Tucson,  AZ;  and  Phase  II — Hancock 
Field,  Syracuse,  NY;  Niagara  Falls  AFB,  Niagara  Falls,  NY;  Dover  AFB,  Dover,  DE; 
Homested  AFB,  Homested,  FL;  Charleston  AFB,  Charleston,  SC;  McEntire  ANG, 
Columbia,  SC.  In  the  role  of  PM/PI  on  these  projects.  Dr.  Repa  has  developed 
groundwater  monitoring  plans,  supervised  the  installation  of  monitoring  wells 
and  the  collection  of  water  quality  samples,  and  coordinated  the  interpretation 
of  hydrogeologic  data. 
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In  addicion  to  these  current  projects,  he  has  also  served  as  PM/PI  on  over 
thirty  hydrogeologic  impact  assessments  for  the  coal  mining  industry.  In  this 
role,  he  also  supervised  the  installation  of  many  monitoring  wells,  participated 
in  the  collection  of  groundwater,  surface  water  and  biotic  samples,  and  coor¬ 
dinated  the  data  interpretation  and  prediction  of  the  probable  hydrologic  im¬ 
pacts  from  the  mining  operations.  j 

Dr.  Repa  has  also  served  as  a  Project  Manager  or  Principal  Investigator  on  a 
number  of  projects  including:  j 

o  A  theoretical  evaluation  of  subsurface  drains  for  use  in  landfills  that 
are  partially  or  fully  located  below  the  groundwater  table. 

o  A  review,  evaluation,  and  critique  of  existing  numerical  and  analytical 

groundwater  models  for  their  possible  application  to  risk  assessments  j 

associated  with  hazardous  waste  sites. 

o  The  development  of  a  specification  manual  on  engineering  systems  that 
can  be  used  to  accelerate  stabilization  of  hazardous  waste  piles  or 
deposits.  j 

o  The  development  of  groundwater  monitoring  plans  and  protocols  for  a  Part 

B  applicant  at  a  hazardous  waste  site.  j 
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Repa,  E.W.  and  C.  Kufs.  1985.  Leachate  Plume  Management.  United  States  Environ¬ 
mental  Protection  Agency  (in  publication). 

Repa,  E.W. ,  E.F.  Tokarski,  and  R.T.  Eades.  1985.  Evaluation  of  the  Asphalt 
Cover  at  the  Western  Processing,  Inc.  Superfund  Site.  EPA/ORD  (in  publication). 

Kufs,  C.  and  E.  Repa.  1984.  Leachate  Plume  Management.  United  States  Environ¬ 
mental  Protection  Agency,  MERL,  Cincinnati,  OH.  EPA-600/9-84-007. 

Repa,  E. ,  A.  Wickline,  N.  DeSalvo  and  A.  Lapins.  1984.  Installation  Restoration  ! 
Program,  Phase  II-Conf irmaticn/Quantif ication.  Stage  1,  Hancock  Field,  New 
York.  USAF,  OEHL,  Brooks  AFB,  Texas. 

Bramlett,  J.,  E.  Repa,  J.  Margolis,  C.  Furman,  and  S.  Mahmud.  1985.  Installation  j 
Restoration  Program,  Phase  I  -  Records  Search,  Air  Force  Plant  44,  Tuscon,  AZ. 

USAF,  AFESC/DEV,  Tyndall  AFB,  FL. 

Burgher,  B.  ,  E.  Repa,  A.  Lapins,  R.  Eades,  and  J.  Margolis.  1984.  Installation  j 
Restoration  Program  Phase  I-Records  Search,  Air  Force  Plant  PJKS,  Waterton,  CO. 

USAF,  AFESC/DEV,  Tyndall  AFB,  FL. 
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Repa,  E. ,  B.  Burgher,  A.  Lapins,  C.  Furman,  and  W.  Ellis.  1984.  Installation 
Restoration  Program  Phase  I  -  Harrisburg  International  Airport  (Formerly  Olmsted 
Air  Force  Base),  Middletown,  PA.  USAF,  AFESC/DEV,  Tyndall  AFB,  FL. 

Kufs,  C. ,  P.  Rogoshewski  and  E.  Repa.  1982.  Alternatives  to  Groundwater 
Pumping  for  Controlling  Hazardous  Waste  Leachates.  National  Conference  on 
Management  of  Uncontrolled  Hazardous  Waste  Sices,  Washington,  D.C.  p.  146-149. 

| 

Kufs,  C. ,  K.  Wagner,  P.  Rogoshewski,  M.  Kaplan,  and  E.  Repa.  1983.  Procedures  j 
and  Techniques  for  Controlling  the  Migration  of  Leachate  Plumes.  Ninth  Annual 
Research  Symposium,  Land  Disposal,  Incineration  and  Treatment  of  Hazardous  ' 

Waste.  USEPA,  Cincinnati,  May  2-4. 

Repa,  E.  ,  E.  Tokarski,  and  E.  McNicolas.  1982.  The  Establishement  of  Guidelines 
for  Modeling  Groundwater  Contamination  from  Hazardous  Waste  Facilities.  EPA- 
OSW,  Washington,  D.C. 

Repa,  E. ,  R.  Fithian,  H.  Hefner,  and  J.  Hoffman.  1981.  Prediction  of  the 
Probable  Hydrologic  Consequences  of  Mining  by  the  Demotto  Peerless  Coal  Company, 

WV  SOAP  #001.  Division  of  Reclamation,  Department  of  Natural  Resources,  State 
of  West  Virginia.  ! 

Fithian,  R. ,  E.  Repa,  J.  Meeks,  and  N.  DeSalvo.  1981.  Prediction  of  the  Probable  ! 
Hydrologic  Consequences  of  Mining  by  the  Winsor-Pittman  Coal  Company,  WV  SOAP 
012.  Division  of  Reclamation,  Department  of  Natural  Resources,  State  of  West  ! 

Virginia.*  I 

Repa,  E.W.  1981.  Rainfall  Catch  Errors  Associated  with  Circumambient 
Obstructions.  Dissertation,  West  Virginia  University.  j 

Tajachraan,  S.J.,  R.  Lee,  and  E.W.  Repa.  1978.  Rainfall  Additaments  to  Subsurface 
Water  in  a  Young  Pine  Plantation.  Water  Resource  Bulletin  15(2): 381-6.  I 

i 

Lee,  R. ,  S.  Tajachman,  D.G.  Boyer,  and  E.W. ,  Repa.  1977.  Normal  Precipitation 
in  West  Virginia,  West  Virginia  Agriculture  and  Forestry  7(2): 12-8. 

♦Numerous  other  hydrologic  assessments  performed;  full  listing  available  upon 
request. 
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WILLIAM  D.  ELLIS,  Ph.D. 


EDUCATION 

Johns  Hopkins  University:  Ph.D.,  Organic  Chemistry  (1981) 

Jonns  Hopkins  University:  M.A. ,  Organic  Chemistry /Biochemistry  (1977) 

Johns  Hopkins  University:  3. A.,  Chemistry  (1969) 

SUMMARY 

Dr.  Ellis  is  a  senior  environmental  scientist  for  SAIC,  certified  in  comprehen¬ 
sive  practice  of  industrial  hygiene  by  the  American  Board  of  Industrial  Hygiene. 
He  has  11  years  of  experience  in  environmental  science  and  occupational  health, 
including  risk  assessment,  development  of  criteria  for  health  standards,  charac¬ 
terization  and  treatment  jr  hazardous  wasces,  and  environmental  transport  of 
chemicals  in  soil  and  water.  Or.  Ellis  aas  investigated  the  environmental  risk 
from  waste  management  practices  of  small  generators,  and  assessed  the  risk  from 
industrial  hazardous  waste  management  practices.  He  is  managing  a  task  for  EPA 
to  develop  chemical  countermeasures  for  in  situ  treatment  of  contaminated  soil. 
Dr.  Ellis  managed  the  development  of  NIOSH  criteria  documents  on  aliphatic 
polyamines  and  chlorinated  hydrocarbon  wastes.  This  work  involved  assessing 
the  literature  on  toxic  effects  of  substances  on  workers,  and  recommending 
engineering,  work  practice,  and  personal  protective  equipment  techniques  for 
controlling  exposure.  As  a  Compliance  Officer  for  the  Maryland  Occupational 
Safety  and  Health  Program  and  a  field  industrial  hygienist  for  SAIC,  he  has 
performed  all  phases  of  industrial  hygiene  field  work,  including  sampling  for 
exposures  to  toxic  substances  and  recommending  exposure  control  methods  at 
industrial  plants  and  construction  sites. 


EXPERIENCE 

November  1978  to  present:  SAIC  1 

Dr.  Ellis  is  providing  senior  technical  support  on  several  tasks  under  the  EPA 
Municipal  Environmental  Research  Laboratory's  Technical  Management  Support  (TMS 
III)  contract.  Presently,  Dr.  Ellis  is  providing  senior  technical  support  to  a 
task  on  the  laboratory  use  of  asphalt  or  Portland  cement  to  stabilize  dioxin 
contaminated  soil  to  prevent  environmental  transport  of  dioxin  and  toxic  effects 
to  humans. 

i 

Dr.  Ellis  is  also  managing  the  Chemical  Countermeasures  Task  of  SAIC ' s  TMS  III  ! 
contract  with  the  EPA.  This  task,  which  addresses  the  safe  use  of  chemicals 
to  treat  or  remove  toxic  wastes  and  spills  without  harming  human  health,  involves  ; 
three  phases:  I)  Gathering  information  on  chemical  methods  for  in  situ  treatment  I 
of  soil  contaminated  by  leachates  from  hazardous  waste  disposal  sites  and  of  I 

hazardous  material  spills  to  quiescent  water  bodies;  2)  Performing  bench  and  j 

pilot  scale  laboratory  tests  of  promising  in  situ  soil  treatment  methods:  and 
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3)  Providing  technical  support  to  EPA  field  tests  of  _in  situ  soil  treatment 
methods.  The  methods  Dr.  Ellis  is  helping  to  develop  are  the  use  of  aqueous 
surfactants  to  remove  hydrophobic  chemicals  from  soil,  and  the  use  of  acids, 
bases,  and  chelating  agents  to  remove  heavy  metals. 

Dr.  Ellis  is  also  the  senior  scientist  on  an  EPA  task  on  the  decontamination  of 
the  EPA  Environmental  Emergency  Response  'unit's  nobile  treatment  units,  such  as 
the  mobile  incinerator.  Re  is  providing  guidance  on  the  toxic  materials  to  be 
expected  at  Superfund  sites,  and  methods  for  chemically  degrading  them  or 
cleaning  them  from  equipment  surfaces.  He  is  also  providing  technical  guidance 
to  SAIC's  laboratory  and  field  task  on  in  situ  bioreclamation  of  chlorinated 
organics  at  a  hazardous  waste  site. 

Dr.  Ellis  was  recently  assessing  the  risk  to  human  health  and  the  environment 
from  releases  of  toxic,  ignitable,  reactive,  and  corrosive  wastes,  as  part  of 
the  regulatory  impact  analysis  of  hazardous  waste  storage  regulations  for  the 
EPA  Office  of  Solid  Waste.  The  effects  of  the  physical  and  chemical 
characteristics  upon  the  probability  of  release  and  the  extent  of  environmental 
transport,  and  the  potential  toxicologic  impact  on  human  health  and  to  environ¬ 
mental  receptors  was  assessed.  "or  cne  same  project,  Dr.  Ellis  has  also  assisted 
in  evaluation  of  current  technology  and  practices  for  hazardous  waste  storage, 
in  terms  of  preventing  releases  and  minimizing  adverse  environmental  effects  if 
releases  occur.  Dr.  Ellis  has  also  assessed  the  relative  risk  to  human  health 
and  the  environment  from  the  hazardous  waste  management  practices  of  small 
non-consumptive  end  users  of  chlorinated  organics.  This  task,  which  covers 
such  end  use  processes  as  dry  cleaning  and  metal  degreasing,  is  part  of  the 
Industry  Studies  program  with  the  Office  of  Solid  Waste. 

Previously,  Dr.  Ellis  was  the  document  manager  for  a  criteria  document  on  the 
safe  handling  of  chlorinated  hydrocarbon  wastes.  This  document  described  the 
best  techniques  available  for  protecting  workers  from  exposure  to  toxic 
constituents  of  chlorinated  hydrocarbon  residues.  It  also  summarized  the  toxic 
effects  of  25  chlorinated  hydrocarbons  on  workers.  Dr.  Ellis  was  also  the 
manager  for  a  NIOSH  document  on  aliphatic  polyamines.  He  prepared  an  innovative 
assessment  using  computer  data  bases  of  the  size  and  occupational  health  impact 
of  the  categories  of  polyaraines  to  assist  NIOSH  in  defining  the  scope  of  the 
document.  He  wrote  the  section  assessing  the  toxic  effects  of  polyamines  on 
animals. 

In  addition,  Dr.  Ellis  has  worked  in  several  other  areas  of  environmental 
protection  and  occupational  safety  and  health.  Dr.  Ellis  assisted  in  the 
preparation  of  a  document  for  EPA  assessing  human  exposures  to  phthalate  esters 
in  the  environment.  For  the  Louisiana  On-site  Consultation  contract  with  OSHA, 
he  was  the  senior  industrial  hygienist  responsible  for  helping  small  businesses 
identify,  evaluate,  and  control  toxic  exposures  in  the  workplace. 
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February  1974  to  October  1978:  Maryland  Occupational  Safety  and  Health  Program 

Prior  to  joining  SAIC,  Dr.  Ellis  was  an  assistant  to  the  Commissioner  for 
Technical  Services  of  the  Maryland  Occupational  Safety  and  Health  Program.  He 
supervised  and  trained  junior  industrial  hygienists  and  served  as  coordinator 
with  the  public  and  the  media  on  occupational  health  problems.  He  performed 
extensive  industrial  hygiene  field  work,  such  as  sampling  for  exposures  to 
asbestos,  silica,  halogenated  hydrocarbons,  and  heavy  metals  at  60  commercial 
and  industrial  plants.  As  an  occupational  health  consultant  for  Maryland,  Dr. 
Ellis  counselled  businesses  on  occupational  safety  and  health  standards  and 
methods  for  control  of  toxic  chemicals. 

1970  to  1980:  Johns  Hopkins  University 


Dr.  Ellis  conducted  graduate  research  on  the  dinitroso-hydrazide  deamination 
reaction.  His  research  involved  synthesis  of  optically  active  hydrazine  analogs 
of  nitrosamines;  determination  of  the  fate  of  isotopically  labeled  nitroso 
groups  by  mass  spectrometry;  separation  of  reaction  products  by  gas  chromatography; 
and  identification  and  quantitation  of  organic  compounds  by  nuclear  magnetic 
reasonance,  infrared,  and  ultraviolet  spectrophotometry. 

1969  to  1982:  U.S.  Army  Reserves 


i 

i 


Dr.  Ellis  was  an  Army-trained  medic  in  the  309th  Medical  Group  of  the  U.S.  Army 
Reserves.  His  duties  included  the  formal  training  of  the  309th  in  emergency 
medical  treatment  and  in  the  prevention  of  disease  in  military  environments. 


PROFESSIONAL  AFFILIATIONS 

American  Industrial  Hygiene  Association 
American  Academy  of  Industrial  Hygiene 


PUBLICATIONS,  PAPERS,  AND  REPORTS 

McGirk,  R. ,  Cyr,  D. ,  Ellis,  W. ,  and  White,  E.  1974.  Application  of  the  Nitrosamtde 
Reaction  to  Hydrazones.  Journal  of  Organic  Chemistry  39:3851. 

Ellis,  W.  1980.  Application  of  the  Nitrosamide  Reaction  to  Alkyl  Hydrazines, 
Doctoral  Thesis,  Johns  Hopkins  University,  Baltimore,  Maryland. 
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JOHN  W.  MENTZ 


EDUCATION 


Pennsylvania  State  University:  B.S. ,  Geology  (1972) 


EXPERIENCE 


During  his  13  year  consulting  career,  Mr.  Mentz  has  gained  progressively 
responsible  experience  in  a  variety  of  geotechnical  areas,  including:  soil, 
surface  water,  and  groundwater  hazardous  and  mining  waste  contamination 
identification  and  remediation;  geological  investigations  to  assess/predict 
groundwater  conditions,  evaluate  mining  problems,  and  define  coal  and  other 
mineral  resouces;  underground  well  injection;  inventories  of  various  mining 
related  features  with  potential  adverse  health,  safety,  and  environmental 
consequences;  regulatory  assessment  and  compliance;  and  impact  assessments. 

As  a  Senior  Program  Manager  in  SAIC's  Technical  Services  Division,  Mr.  Mentz 's 
responsibilities  include  administration  of  a  technical  staff  with  varied 
backgrounds  as  well  as  management  of  a  variety  of  contaminant  assessment/- 
characterization/clean-up  studies. 

Current  project  responsibilities  include  management  of  a  study  aimed  at 
determining  the  compositions  of  leachates  from  various  hazardous  waste 
landfills  across  the  Nation,  and  assessing  the  feasibility  of  formulating 
synthetic  leachates  with  which  to  test  the  effectiveness  of  proposed  liner 
materials  and  configurations.  Such  synthetic  leachates  would  be  formulated  to 
reflect  distinctions  in  geographic/climatic  site  conditions  and  the  proposed 
hazardous  wastes  to  be  landfilled. 

Mr.  Mentz  is  managing  a  technical  support  contract  to  provide  specialized 
hazardous  waste  related  studies  and  program  development  and  support  activities 
to  the  State  of  New  Jersey.  This  contract  includes  risk  assessment;  health 
effects,  toxicological,  and  specialized  lab  studies;  regulatory,  guidelines, 
procedural,  and  data  base  development;  and  computerized  MIS. 

Mr.  Mentz  has  also  managed  studies  conducted  at  several  Superfund  sites, 
including  an  RI/FS  for  a  site  in  Winslow  Township,  New  Jersey.  Included  in  this 
study  were  design  and  implementation  of  a  surface  geophysical  monitoring 
program  (resistivity,  electromagnetics,  magnetics);  construction  of  groundwater 
monitoring  wells;  and  a  sampling/analysis  program  covering  shallow  and  deep 
soils,  surface  and  groundwater,  and  abandoned  lagoons  and  tankers.  At  an 
industrial  facility/Superfund  site  in  southeastern  Pennsylvania,  Mr.  Mentz 
managed  a  hydrogeologic  testing  program  that  generated  data  necessary  for 
implementation  of  a  groundwater  recovery/treatmc-nt  program. 
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Other  similar  studies  managed  by  Mr.  Mentz  include: 

o  Evaluation  of  the  feasibility  of  various  alternatives  for  clean-up  of 
TCE-contaminated  soils  and  groundwater  at  an  abandoned  solvent  recovery 
facility  near  Dover,  Delaware  (recommendations  currently  being 
implemented) . 

o  Clean-up  of  TCS-contaminated  soils  via  excavation  and  removal  in  one 
case,  excavation  and  soil  aeration  (shredding)  in  anocher  case.  Both 
projects  included  pre-and  post-remediation  groundwater  monitoring. 

o  Design  and  completion  of  a  groundwater  monitoring  program  at  an 

Industrial  research  facility  to  identify  the  presence  and  movement  of 
contaminants  towards  two  adjacent  municipal  pumping  wells. 

o  Planning  and  initiation  of  an  environmental  audit  (soils  and  ground 
water)  at  a  decommissioned  paint  manufacturing  facility  in  northern 
New  Jersey. 

o  Evaluation  of  a  subsurface  gasoline  spill  and  subsequent  implementation 
of  a  recovery  program. 


As  a  Program  Manager  for  a  U.S.  Environmental  Protection  Agency  technical 
support  contract,  Mr.  Mentz  gained  valuable  experience  with  that  agency's 
underground  injection  control  program,  which  was  initiated  to  assure  proper 
regulation  of  underground  injection  of  both  hazarduos  and  non-hazardous  wastes. 
That  contract  provided  technical  and  training  support  to  EPA  headquarters  and 
a  number  of  that  agency's  regional  offices.  Mr.  Mentz  coordinated:  a  number 
of  abandoned  gas  and  oil  well  inventories;  presentation  of  the  EPA's  oil  and 
gas  injection  well  regulatory  program  to  industry  in  many  states;  evaluations 
of  injection  well  abandonment  practices  and  the  environmental  consequences 
(general  and  site-specific);  development  and  organization  of  technical  guidance 
methodology  for  implementing  surface  and  borehole  injection  well  mechanical 
integrity  tests. 

Mr.  Mentz  participated  in  a  study  for  a  major  central  Pennsylvania  limestone 
producer  to  identify  and  recommend  measures  to  abate  major  sources  of  ground- 
water  inflow  into  an  active  quarry  to  reduce  excessive  pumping  operations. 

Field  investigations,  aerial  photo  interpretations,  and  a  variety  of  subsurface 
investigations  were  conducted. 

He  also  was  responsible  for  a  study  to  develop  a  dewatering  system  to  control 
fracture-dominated  inflow  into  active  underground  mines.  This  effort  included 
development  of  a  site  specific  borehole  dewatering  plan  that,  when  implemented 
in  advance  of  advancing  mine  workings,  would  reduce  water  inflow  into  those 
workings. 


A  broad  range  of  studies  designed  and  conducted  by  Mr.  Mentz  were  aimed  at 
assessing  surface  water  and  groundwater  resources  to  quantify  mining-related 
pollutants  (chemical  and  sediment)  and  pinpoint  sources  of  those  pollutants. 
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Co  project  pollution  production  potential,  and  to  recommend  pollution 
abatement/concrol  strategies.  These  studies  have  been  conducted  throughout 
Appalachia  and  have  ranged  from  individual  sites,  streams,  or  pollution 
sources  to  major  drainage  basins. 

In  a  related  area.  Hr.  Mentz  has  extensive  experience  in  mining  pollution 
control  technology  analyses,  particularly  at-source  abatement,  aimed  at 
improvement  of  discharge  water  quality  from  both  active  and  inactive  mines. 

He  has  conducted  or  participated  in  a  wide  range  of  studies,  including  the 
following: 

-  Investigation  of  methods  to  improve  performance  of  surface  mine 
sedimentation  basins; 

-  Technical  and  economic  evaluation  of  available  mine  closure  alternatives 

-  Assessment  of  partial  inundation  of  abandoned  sections  of  underground 
mines  to  reduce  pollution  formation; 

-  Chapters  5  and  6  of  the  Office  of  Surface  Mining's  "Abandoned  Hined 
Lands  Reclamation  Control  Technology  Handbook,"  dealing  with  mine 
drainage  control  and  sealing  of  underground  openings. 

Hr.  Hentz  has  extensive  experience  in  planning  and  conducting  inventories  of 
various  active  and  inactive  mining-related  features.  He  has  conducted  inven¬ 
tories  of  abandoned  surface  and  underground  mines  and  resultant  pollution, 
waste  piles,  subsidence,  and  other  hazardous  features  in  five  distinct  water¬ 
sheds  in  Pennsylvania,  the  North  Branch  Potomac  River  Basin  in  Pennsylvania, 
West  Virginia,  and  Maryland;  three  major  coal-mining  counties  in  Pennsylvania 
and  West  Virginia,  western  Colorado  (non-coal  mines);  and  the  statewide  coal 
fields  of  Ohio  and  Kentucky. 

In  the  active  mining  arena,  Mr.  Mentz  managed  an  inventory  of  active  coal 
waste  embankments  in  West  Virginia,  Maryland,  Virginia,  and  Eastern  Kentucky. 

He  also  coordinated  a  nationwide  assessment  of  off-site  coal-handling 
facilities  and  a  number  of  other  mining-related  studies. 

Hr.  Mentz  also  led  the  team  that  developed  content  requirements  and  format 
guidelines  for  state  abandoned  mined  land  reclamation  plans  for  the 
U.S.  Office  of  Surface  Mining  in  compliance  with  30  CFR  884.13.  That 
effort  included  development  of  a  model  state  plan  to  guide  state  reclamation 
agencies  in  the  preparation  of  their  state  plans  for  OSM  submission. 

Mr.  Mentz  has  extensive  experience  in  the  area  of  mineral  resource  evaluation. 
He  has  conducted  or  participated  in  many  site  specific  coal  resource  evalua¬ 
tions: 


-  Pennsylvania  anthracite 

-  Pennsylvania  bituminous 

-  Western  Maryland 

-  West  Virginia 

-  Alabama 

-  Texas  lignite 


3  studies 
11  studies 
7  studies 
1  study 
1  study 
6  studies 
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Other  mineral  resource  evaluations  of  much  broader  scope  managed  by  Mr.  Mencz 
include  several  analyses  of  all  four  Pennsylvania  anthracite  fields  and  a 
3,700-square  mile  portion  of  central  Pennsylvania's  bituminous  coal  fields. 

In  addition,  he  has  managed  or  participated  in  numerous  non-coal  resource 
evaluations  at  specific  sices  for  limestone,  sandstone,  and  uranium. 

He  has  also  conducted  a  variety  of  other  geologic  studies  pertinent  t 
assessing  groundwater  problems,  pollution  production,  mining  feasibility,  and 
technical  issues. 
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The  George  Washington  University,  M.S.  ,  Geology  (anticipated  May,  1985) 
Virginia  Polytechnic  Institute  and  State  University,  B.S.  ,  Geology,  1979 
Northern  Virginia  Community  College,  A.S.,  Science,  1977 


EXPERIENCE 


Mr.  Manikas  is  a  geologist  with  SAIC's  Waste  Management  Department,  where  he 
has  participated  in  multi-media  sampling  for  USAF  Installation  Restoration 
Program  (IRP)  tasks  and  was  an  active  participant  in  sample  collection  for  a 
USEPA  research  project  to  determine  the  chemical  characteristics  of  landfill 
leachates.  Mr.  Manikas  is  currently  investigating  a  contaminated  well  field 
for  the  New  Jersey  Department  of  Environmental  Protection  (NJDEP)  and  is  a 
member  of  a  project  team  which  is  preparing  a  Part  B  permit  application  for 
facilities  at  the  Idaho  National  Engineering  Laboratory  (INEL). 

Prior  to  joining  SAIC,  Mr.  Manikas  worked  as  a  geologist  with  Woodward-Clyde 
Consultants  where,  through  diverse  project  exposure,  he  accrued  extensive 
experience  in  field  mapping  and  characterization  of  surficial  and  subsurface 
geology.  He  has  been  the  principal  field  investigator  in  numerous  geotechnical 
engineering  and  siting  studies  for  a  variety  of  structures,  including  high-rise 
complexes  in  Virginia  and  Maryland,  an  extensive  research  facility  at  Fort 
Meade,  Maryland,  and  a  soft-ground  tunnel  alignment  in  Prince  George's  County, 
Maryland.  He  has  been  an  active  participant  in  field  investigations  for  a 
90-foot  high  earth  embankment  dam,  a  resource  utilization  study  for  the  West 
Virginia  Department  of  Highways,  evaluation  of  landslide  potential  in  Creta¬ 
ceous-aged  clays  in  Fairfax  County,  Virginia,  and  several  foundation  studies 
initiated  for  the  Washington  Suburban  Sanitary  Commission  (WSSC),  the  Washington 
Metropolitan  Area  Transit  Authority  (WMATA),  Montgomery  County,  Maryland,  and 
Fairfax  County,  Virginia.  Studies  of  this  nature  typically  involved  preliminary 
geologic  site  assessment,  sampling  and  description  of  soil/rock  materials, 
installa  .ion  of  groundwater  monitoring  wells,  and  in-situ  special  testing.  He 
was  also  the  principal  field  Investigator  on  several  subsurface  investigations 
which  utilized  applications  of  quasi-static  cone  penetration  techniques  to 
characterize  in-situ  materials. 

Mr.  Manikas  has  been  actively  involved  in  mapping  geological  structure  during 
construction  on  portions  of  the  Washington,  D.C.  METRO  subway  system,  and  for 
water  diversion  tunnels  in  Bethesda,  Maryland  and  Germantown,  Maryland. 
Additionally,  he  has  instrumented  and  monitored  several  tunnels,  shafts,  and 
deep  excavations  utilizing  single,  double,  and  multiple- point  borehole 
extensometers,  vibrating-wire  strain  gages,  load  cells,  and  inclinometers.  He 
was  also  a  member  of  a  two-man  team  assigned  to  map  the  bedrock  geology  in  the 
vicinity  of  Boyds,  Maryland  prior  to  construction  of  a  large  earth  dam. 
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As  a  member  of  two  quality  assurance  teams,  Mr.  Manikas  has  inspected  compaction 
grouting  operations  at  the  Davis-Besse  Nuclear  Power  Station,  Oak  Harbor,  Ohio, 
and  has  actively  participated  in  a  review  of  construction  documentation  at  the 
South  Texas  Project  Nuclear  Power  Station  at  Bay  City,  Texas. 

During  separate  investigations  of  shallow  bedrock,  karstic  terrains,  and 
hazardous  waste  sices,  Hr.  Manikas  has  applied  geophysical  techniques  including 
seismic  refraction  and  electrical  terrain  conductivity  methods  toward  subsurface 
delineation  of  rock  surfaces,  solution  features,  and  migrating  waste  plumes. 

While  pursuing  his  graduate  degree  in  geology,  he  investigated  the  sedimentologi 
aspects  of  the  Lower  Cretaceous  deposits  in  northeastern  Virginia  utilizing 
scanning  electron  microscopy  (SEM)  and  x-ray  diffraction  techniques  among  his 
research  methods. 


AFFILIATIONS 


American  Association  of  Petroleum  Geologists 
Geological  Society  of  America 

Sociecy  of  Economic  Paleontologists  and  Mineralogists 


CERTIFICATION 


Certified  Professional  Geologist,  Virginia  #000327 
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EDUCATION 


Drexel  University,  ::.S.,  Shvironmental  Science  (  1979) 
Michigan  State  University,  3.S.,  Zoology  (1973) 
University  of  Pennsylvania,  Limnology  ;1978) 

Temple  University,  Biochemistry  and  Physiology  (1973) 


SUMMARY 


Mr.  Zafran  is  an  environmental  scientist  with  expertise  in  the  assessment  of 
impacts  of  toxic  substances  and  hazardous  waste  on  environmental  and 
biological  systems.  He  is  experienced  in  conducting  exposure,  hazard  and  risk 
assessments  of  contaminants  released  to  all  environmental  media,  evaluating 
impacts  to  both  numan  and  non-human  receptors.  Mr.  Zafran1 s  experience 
includes  the  assessment  fate  and  effects)  of  non-conventional ,  conventional 
and  priority  toxic  pollutants  (CWA  Section  307a. 1  compounds);  drinking  water 
additives  ;  pesticides ;  industrial  solvents ;  synf uels  and  synfuel  products ; 
dredge  and  fill  materials;  sewage  sludge;  coal  ash;  and  complex  hazardous 
wastes.  Mr.  Zafran' s  background  encompasses  work  in  aquatic  chemistry, 
ecology  and  toxicology,  as  well  as  water  quality  planning  and  management-. 


PROFESSIONAL  EXPERIENCE 


Mr.  Zafran  was  recently  involved  in  the  development  of  a  water  quality 
management  plan  for  the  Grand  Calumet  River/ Industrial  Harbor  Canal  (state  of 
Indiana).  He  conducted  a  critical  evaluation  of  the  state's  water  quality 
criteria  and  standards  program,  developed  a  method  for  evaluating  the  existing 
sediment  contamination  problem,  and  used  this  method  to.  identify  and  rank 
sediment  contaminants  of  concern  to  aquatic  life  and  human  health. 

As  Work  Assignment  Manager  on  several  projects  for  the  EPA  Office  of  Water 
Regulations  and  Standards,  Mr.  Zafran  was  responsible  for:  (1)  developing 
hazard  assessments  (aquatic  ecological  effects  and  mammalian/human  health 
effects)  for  20  non-priority  pollutants  found  to  be  incompatible  with  the 
workings  of  POTWs;  (2)  preparing  a  background  and  review  document  on  methods 
for  the  derivation  of  sediment  criteria  and  their  application  under  CWA, 

MPRSA,  RCRA  and  CERCLA;  and  (3)  the  review  and  update  of  the  "Red  Book". 

For  the  Municipality  of  Metropolitan  Seattle,  Mr.  Zafran  evaluated  the  impacts 
of  combined  sewer  overflow  and  storm  drain  effluents  on  Lake  Washington. 
Through  statistical  analyses  of  benthic  biological,  chemical  and  geological 
sampling  data  (e.g.  multivariate  classification  and  pattern  analysis 
techniques),  Mr.  Zafran  and  two  other  scientists  were  able  to  assess  the 
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relationships  between  sediment  contamination  and  macroinf aunal  community 
structure,  and  to  draw  conclusions  concerning  impacts  of  discharged  materials. 


Mr.  Zafran  conducted  a  study  of  the  impact  of  coal  liquefaction  and  shale  oil 
products  on  aquatic  systems.  This  work  for  the  Office  of  Toxic  Substances 
involved  the  assessment  of  the  toxicity  of  compounds  characteristic  of 
synfuels  that  are  responsible  for  major  environmental  effects:  polycyclic 
aromatic  hydrocarbons,  polynuclear  heterocyclic  aromatic  bases,  water  soluble 
aliphatic  and  aromatic  hydrocarbons  and  trace  metals . 

Mr.  Zafran  w as  technical  contributor  to  an  Environmental  Impact  Statement  on 
the  disposal  of  coal  ash  in  the  waters  of  the  New  York  Bight.  He  evaluated 
the  toxic  impact  to  marine  species  associated  with  direct  exposure  to  waste 
ash  or  contaminants  released  therefrom,  and  the  potential  for  effects  on  human 
health  and  welfare. 

Mr.  Zafran  was  recently  involved  in  the  development  of  a  field  guide  for  EPA 
and  the  Coast  Guard,  on  responding  to  the  spill  of  sinking  chemicals  in 
aquatic  systems.  On  the  effort,  Mr.  Zafran  outlined  an  approach  to  the 
following  evaluations:  (1)  characterization  of  discharged  materials  and  the 
environmental  setting;  (2)  determination  of  the  extent  of  contaminant 
transport;  (3)  evaluating  environmental  impacts;  (4)  assessment  of  the  need 
for  response;  and  (5)  establishing  response  objectives. 

For  the  Office  of  Analysis  and  Evaluation,  Mr.  Zafran  conducted  a  study  of 
environmental  quality  problems  of  the  Narragansett  Bay  estuary.  This  included 
the  physical/chemical  characterization  of  the  estuarine  system,  an  examination 
of  uses  of  the  Bay  and  an  evaluation  of  water  quality  problems,  wetland  loss, 
and  shoreline  erosion.  Also  for  this  office,  Mr.  Zafran  assisted  in 
developing  a  five  year  estuarine  quality  and  protection  program  plan.  He 
identified  and  evaluated  research  needs  in  the  following  six  topical  areas: 
estuarine  characterization,  site-specific  criteria  development,  use 
attainability  analyses,  wasteload  allocation  techniques,  monitoring  and 
benefit-cost  assessment. 

Mr.  Zafran  was  '/fork  Assignment  Manager  on  a  project  for  the  EPA  Office  of 
Federal  Activities  to  assess  the  extent  to  which  the  404  Program  (Dredge  or 
Fill  Program!  addresses  and  supports  research  essential  to  the  protection  of 
sensitive  aquatic  resources.  Analysis  of  existing  research  and  future  needs 
facilitated  the  development  of  a  broad-based  program  plan  for  404-related 
research  activities. 

Mr.  Zafran  conducted  a  review  of  the  available  scientific  literature  on 
physical  transport  processes  of  the  Alaskan  Outer  Continental  Shelf  to 
determine  adequacy  of  data  for  ocean  discharge  criteria  evaluation.  This  work 
assisted  EPA  in  the  NPDES  permitting  process  for  oil  and  gas  exploration, 
development  and  production  activities. 
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Mr.  Zafran  has  assisted  the  EPA  Office  of  Solid  Waste  (OSW)  in  evaluating 
petitions  submitted  by  industry  for  exclusion  of  waste  generated  at  specific 
facilities,  from  listing  under  RCRA  as  hazardous  waste.  Review  of  these 
"delisting  peititions”  includes  the  evaluation  of  data  on  waste  stream 
character,  monitoring  design,  sampling  and  the  results  of  analysis,  EP 
toxicity,  and  disposal  planning.  Also  for  OSW,  Mr.  Zafran  developed  a  method 
for  estimating  the  concentration  of  polycyclic  aromatic  hydrocarbons  in 
leachate  frcm  landfarmed  waste,  or  waste  disposed  in  landfill.  The  approach 
involved  predicting  the  equilibrium  partitioning  of  contaminants  between 
aqueous  and  solid  phases  of  soil-water  systems. 

Mr.  Zafran  conducted  a  comparative  assessment  of  risks  to  human  health  of 
sources  of  groundwater  contamination.  In  this  vrork  for  the  EPA  Office  of 
Policy  Analysis,  he  assisted  in  refining  the  approach  to  comparative  risk 
analysis  and  in  characterizing  the  release,  transport  and  transformation  of 
indicator  compounds  from  selected  sources. 

Mr.  Zafran  has  been  extensively  involved  in  the  development  of  regulatory 
support  documents  for  Toxic  Substances  Control  Act  Section  4,  priority 
chemicals  (Office  of  Pesticides  and  Toxic  Substances).  He  was  responsible  for 
the  analysis  of  information  on  pollutant  emission,  environmental  transport, 
and  transformation  as  it  relates  to  occupational  and  general  population 
exposures.  Also  for  OPTS,  Mr.  Zafran  has  prepared  numerous  Chemical  Hazard 
Information  Profiles,  providing  background  health  and  exposure  data  in  support 
of  risk  assessment  and  test  rules  development  processes . 

As  Work  Assignment  Manager  on  a  project  for  the  EPA  Office  of  Drinking  Water 
(ODW) ,  Mr.  Zafran,  was  responsible  for  the  review  and  evaluation  of  25  years 
of  compiled  information  on  direct  and  indirect  additives  to  drinking  water. 

The  assessment  conducted  by  JRB  scientists  enabled  ODW  to  reevaluate  products 
previously  approved  in  light  of  current  health  effects  data.  Also  for  ODW, 

Mr.  Zafran  has:  (1)  conducted  a  study  of  chemical  leaching  tests  to  determine 
the  extent  of  release  of  pollutants  from  surfaces  in  contact  with  potable 
water;  (2)  evaluated  the  potential  for  groundwater  contamination  by 
pesticides;  and  (3)  assessed  the  environmental  transport  and  transformation  of 
synthetic  organic  chemicals  and  their  occurrence  in  air,  water,  soil  and  food. 

Mr.  Zafran  was  technical  reviewer  of  the  EPA  report  "Health  Assessment 
Document  for  Nickel".  Prepared  by  the  Office  of  Research  and  Development,  the 
report  serves  as  a  source  document  for  Agency-wide  use. 

For  ARCO  Chemical  Company,  Mr.  Zafran  prepared  an  evaluation  of  mammalian 
toxicology  and  human  health  effects  of  exposure  to  Stoddards  Solvents. 

Mr.  Zafran  conducted  a  preliminary  study  of  the  impacts  of  incineration  of 
sewage  sludge  on  human  health  and  the  environment.  Specifically,  he  provided 
the  EPA  Sludge  Task  Force  with  m  assessment  of  contaminants  likely  to  be 
emitted  to  the  atmosphere,  a  quantification  of  emissions  factors  and  an 
identification  of  pollutants  of  major  concern. 
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Prior  to  working  for  JRB ,  Mr.  Zafran  was  employed  by  one  Krusen  Center  for 
Bianedical  Research  and  Engineering,  and  was  involved  in  the  study  of 
neuromuscular  function  in  human  locomotion.  While  in  graduate  school, 

Mr.  Zafran  worked  as  consultant  (health  systems  planner)  to  the  Pennsylvania 
Department  of  Health,  representing  the  Drexel  University  Environmental  Studies 
Institute . 


PROFESSIONAL  AFFILIATION 

Society  of  Environmental  Toxicology  and  Chemistry 


Jse  or  disclosure  or  osta  contained  on  this  sheet  s  suoiect  -o  the  'estriction  on  the  title  cage  of  this  orooosai  or  cuctat  on 


RICHARD  T.  HADES 


Page  1  of  3 


EDUCATION 

West  Virginia  University,  B.S.  ,  Geology  (  1982) 


EXPERIENCE 

Mr.  Eades  is  a  geologise  with  the  Applied  Technologies  Group  of  5AIC.  He  is 
diversely  experienced  in  regard  to  studies  involving  hazardous  waste  site 
investigation,  characterization  and  remediation.  He  is  currently  involved  in  a 
conf iraation/characterization  study  of  groundwater  and  surface  water  contamina¬ 
tion  at  Dover  Air  Force  Base  under  a  Phase  II  investigation  of  the  U.S.  Air 
Force's  Installation  Restoration  Program.  Under  this  program  he  has  been 
responsible  for  development  of  well  installation,  sampling  and  monitoring 
plans,  subcontracts  procurement:,  supervision  of  frilling  operations,  assistance 
in  soils,  surface  water,  and  ground  water  sampling,  interpretation  of  geologic, 
hydrologic,  and  chemical  analytical  data,  and  report  preparation.  In  addition, 
Mr.  Eades  recently  completed  another  Phase  II  effort  at  McEntire  ANG  Base, 
Columbia;  Souch  Carolina,  where  he  supervised  drilling  and  installation  or"  li 
groundwater  monitoring  wells. 

Mr.  Eades  also  assisted  in  the  design  of  a  parallel  Phase  II  drilling  and 
sampling  program  at  Niagara  Falls  Air  Force  Reserve  Facility  by  inputting  to 
technical  and  cost  proposals,  scheduling,  staffing  and  subcontractor  coordina¬ 
tion.  In  addition,  Mr.  Eades  served  as  a  team  member  on  the  Phase  I  investiga¬ 
tion  at  Air  Force  Plant  PJKS  in  Waterton,  Colorado.  His  responsibilities 
included  performing  a  site  investigation  to  determine  past  and  current  waste 
handling  practices,  record  searches  and  interviews  to  identify  the  environmental 
conditions  present  at  the  sice,  an  evaluation  of  the  potential  for  environmental 
contamination,  recommendation  for  future  groundwater  and  surface  water  monitor¬ 
ing  and  final  report  preparation. 


Mr.  Eades  has  a  wide  range  of  experience  under  a  variety  of  Environmental 
Protection  Agency  studies.  He  has  served  in  numerous  capacities  during  an 
ongoing  evaluation  of  the  effectiveness  of  an  asphalt  cap  as  a  remedial  action 
at  the  Western  Processing  Company  Superfund  Site  in  Kent,  Washington.  Under 
this  program  Mr.  Eades  was  responsible  for  assisting  in  the  design  of  asphalt, 
soils  and  groundwater  sampling  and  analysis  plans,  supervision  of  asphalt 
coring  operations,  adherence  to  health  and  safety  protocol,  coordination  of 
laboratory  permeability  and  percent  air  voids  testing,  interpretations  of  test 
results,  and  making  recommendations  on  hydraulic  asphalt  mix  and  paving  designs 
for  future  remedial  applications.  He  has  recently  completed  a  separate  case 
study  on  the  history  to  date  of  remedial  actions  and  their  effectiveness  at  the 
dioxin  contaminated  Denney  Farm  Site  in  Aurora,  Missouri.  During  this  case 
study,  Mr.  Eades  was  solely  responsible  for  coordination  with  EPA  Region  VII  to 
access  files  and  records  and  conduct  interviews  to  document  remedial  design, 
execution  and  performance.  Evaluation  included  determining  the  effectiveness  of 
waste  exhumation,  site  closure,  on  site  storage  and  microbiological  degradation. 
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Mr.  Eades  was  also  a  key  team  member  under  an  EPA  program  to  solicit  and  evalu¬ 
ate  offers  to  test  emerging  technologies  to  clean  up  hazardous  waste  sites  and 
spills.  This  involvement  included  Request  for  Proposal  development,  design  of 
evaluation  criteria,  proposal  scoring  and  recommendations  on  various  proposed 
technologies  including  sorbents,  in  situ  vitrification,  and  circulating  bed 
Incineration.  Under  various  other  EPA  programs,  Mr.  Eades  has  provided: 

o  Confirmation  of  hydrogeologic  data  at  the  Vertac  Site  in  Jacksonville, 
Arkansas . 

o  Description  of  concepts  and  test  results  for  permeable  treatments  beds 
and  block  displacement  as  methods  to  clean  up  or  contain  contaminated  . 
groundwaters . 

o  And  technical  and  cost  proposals  for  expanding  the  computer  data  base 
of  remedial  action  case  histories. 

Mr.  Eades  served  under  a  DOE  sponsored  project  in  review  and  document  prepara¬ 
tion  capacities  for  the  Nuclear  Waste  Management  Program  at  the  Nevada  Test 
Site.  He  evaluated  state-of-the-art  technologies  and  documents  regarding  the 
regulation  of  borehole  shaft  sealing  of  experimental  wells  to  insure  the  inte¬ 
grity  of  the  host  medium  in  which  hazardous  waste  disposal  sites  could  be 
located. 

Mr.  Eades  also  has  a  variety  of  experience  in  the  oil  and  gas  industry  in 
drilling,  coring,  completion  and  well  testing  capacities.  Prior  to  transferring 
to  SAIC/McLean ,  Mr.  Eades  completed  a  project  for  Gas  Research  Institute  under 
which  he  had  the  responsibility  of  generating  a  geologic  framework  for  Meigs 
County,  Ohio,  testing  the  relationship  between  gas  production  and  photolinea¬ 
ments  and  sampling  and  analyzing  core  to  determine  matrix  properties,  fracture 
occurrences  and  offgassing  data.  He  was  responsible  for  providing  production 
decline  curve  analyses  and  geologic  mapping  efforts,  including  structure  contour 
and  isopach  maps  incorporating  data  on  over  300  producing  wells.  This  work 
assisted  in  determining  reservoir  characteristics  such  as  directionality  of 
flow  within  a  naturally  fractured  reservoir  as  well  as  quantifying  fracture 
occurrences  through  the  use  of  core  analysis,  mini-hydraulic  fracturing  treat¬ 
ments  and  downhole  camera  surveys. 

Mr.  Eades  served  as  a  field  geologist  during  drilling,  completion  and  well 
testing  operations  under  the  previously  mentioned  program  and  under  the  Depart¬ 
ment  of  Energy's  Offset  Well  Test  Program.  He  was  also  responsible  for  install¬ 
ing  and  monitoring  data  acquisition  systems,  conducting  flow  tests,  sampling 
gases,  placement  of  downhole  tools  (packers  and  pressure  monitoring  probes), 
well  log  interpretations  and  assisting  in  well  cleanup  operations. 
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Mr.  Eades  also  has  experience  in  the  coal  mining  industry  with  regard  to  defining 
hydrologic  impacts  for  existing  and  proposed  mines.  He  conducted  field  investi¬ 
gations,  and  geotechnical  evaluations  of  over  80  surface  and  underground  mining 
operations  in  three  Appalachian  coal  mining  states.  These  evaluations  involved 
field  data  acquisition,  overburden  sampling  and  analysis,  water  monitoring 
station  data  analysis  and  geologic  and  hydrologic  interpretations  regarding 
known  or  predicted  environmental  impacts  from  mining  operations  in  West  Virginia, 
Virginia  and  Kentucky.  Mr.  Eades  was  responsible  for  proposing  groundwater  and 
surface  water  monitoring  stations  for  proposed  sites  and  identifying  shortcomings 
of  monitoring  station  locations  for  existing  sites. 

PUBLICATIONS 

Installation  Restoration  Program  Phase  I  -  Records  Search  Air  Force  Plant  PJKS 
Waterton,  Colorado,  1984,  USAF,  AFESC/DEV,  Tyndall  AfB,  Florida  and  ASD/PMD , 
Wright-Patterson  AFB,  Ohio. 

Multiple  Well  Transient  Test  Program  in  Meigs  County,  Ohio,  Gas  Research  Insti¬ 
tute  5081-213-0605. 

Evaluation  of  the  Asphalt  Cover  at  the  Western  Processing,  Inc.,  Superfund  Site 
(Draft  Final  Report)  EPA  68-03-3113. 
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J.  CANDACE  NOTHW ANGER 


EDUCATION 


B.S.  Geology  University  of  Rochester  (1984) 


EXPERIENCE 


Ms.  Nothwanger  is  a  geologist  with  the  Applied  Technologies  Division  of  the 
Waste  Management  Department.  Primary  responsibilities  involve  conducting  field 
investigations  at  hazardous  waste  sites  including  soil  and  sediment  sampling, 
analysis  of  data,  core  sample  collection  and  characterization,  and  daily  log 
write  up. 

Ms.  Nothwanger  is  currently  involved  in  investigating  the  nature  and  degree  of 
environmental  contamination  resulting  from  previous  disposal  activities  ac 
designated  areas  under  Phase  II  of  the  United  States  Air  Forces'  Installation 
Restoration  Plan  (IRP).  In  this  capacity,  she  is  responsible  for  ground  water 
and  surface  water  sampling,  soil  sampling,  and  the  supervision  of  monitoring 
well  installation. 

Prior  to  joining  SAIC,  Ms.  Nothwanger  worked  as  a  research  assistant  with 
Everett  &  Associates.  In  this  position  she  conducted  literature  search  and 
plotted  geologic  data  for  an  asbestos  contaminant  project.  She  also  compiled 
data  on  acid  percipitation ,  and  fracturing  and  deep  well  disposal  for  the 
American  Petroleum  Institute  (API). 

Professional  Societies  and  Service  Organizations 


Geological  Society  of  America 

American  Association  for  the  Advancement  of  Science 
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